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I. INTRODUCTION 
Several alkaloids have been isolated from the bark 
of the tree Erythrophleum guineense, G. Don. These alkaloids 
act on the heart in a manner similar to digitalis; they also 
show local anesthetic properties. Cassaine (I) is one of 
the Erythrophleum alkaloids. One of the hydrolysis products 
of cassaine is dimethylaminoethanol; the other hydrolysis 
product is cassaic acid, for which Humber and Taylor1 have 
proposed diterpenoid structure II. This structure was also 
suggested by R. Tondeur (Ph.D. Thesis, E.T.H., Zurich, 19501 ). 
CH 
CAS SAINE 
I 
--CHCOOCH2CH2N(CH3 ) 2 
CH3 
HO 
CASSAIC ACID 
II 
CHCOOH 
The purpose of this research was to establish the 
location of t•o functional groups of cassaic acid. This 
goal was realized. The hydroxyl group of cassaic acid was 
demonstrated to be at the 2-pOsition and the carbonyl group 
was demonstrated to be at the 9-position. This work, 
taken together with other published information, 
established the correctness of the suggested structure 
(II) for cassaic acid. 
The several approaches to the solution of this 
problem and the results obtained are described below 
following an account of the history, pharmacology and 
chemistry of the Erythrophleum alkaloids. The following 
numbering system will be used throughout this paper in re-
ferring to compounds with phenanthrene or perhydrophen-
anthrene nuclei: 
Following the usual convention, solid, dark lines 
will represent bonds in front of the molecule and dotted 
lines will indicate groups behind the molecule, No stereo-
chemistry should be inferred from normal lines. A free 
line from any molecule indicates a methyl group. Carbon 
2 
to hydrogen bonds will not be represented unless to indicate 
stereochemistry and then an "H" will always be written, 
The preceding formula represents 1,1,8,12-tetra-
methyl-7-ethylperhydrophenanthrene with no stereochemical 
implications. The following structure represents a di-
terpene (abietic acid) with full stereochemical detail: 
(the dark lines at cl 
and the c7 side chain 
and c12 represent methyl 
is an isopropyl group), 
-. 
groups 
3 
In this paper lettering of the rings will correspond 
to the lettered rings of the abietic acid formulation. This 
convention follows W. Klyne, while other authorities reverse 
B and c. 
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II. BACKGROUND 
A. Source of Cassaine and Related Alkaloids. 
Toxic alkaloidal material was first isolated from 
the bark of Erythrophleum guineense G. Don. by Gallois and 
Hardy2 in 1875· These authors named their amorphous base 
erythrophleine. However, the various toxic effects produced 
by extracts of the bark of this tree had been reported in 
the literature as early as 18493. 
The genus Erythrophleum was discovered in 1816 by 
the Swedish botanist Afzelius4•5. The tree grows in tropical 
regions and belongs to the family Leguminosae. After some 
disagreement as to the classification, the tree was placed 
in the class Caesalpinioridiae and the tribe Dimorphandreae. 
The description of various species and subspecies has led 
to some confusion, but there now seem to be thirteen distin-
guishable species. Six of these species are found in Africa 
on the western coast and the Belgian Congo region (guineense, 
couminga, ivorense, africanUD4 letestui, and lasianthum). 
The species E. couminga is specifically reported to be found 
in Madagascar and the nearby Seychelles Islands. Chemical 
investigations have been reported on three of these species, 
E. guineense, E. couminga, and E. ivorense; certainly the 
most extensive work has bean done on 5Uineense. Four species 
are found in Asia, (fordii, cambodianum, succirubrum and 
teysmannii) of which one species, E. fordii, has been in-
4 
vestigated by Paris and was found to contain cassaine. 
Three species (chlorostachys, densiform and uniJugum) are 
found in the South Sea Islands. 
The work described in this thesis has been confined 
5 
to E. guineense. The bark was obtained from Sierra Leone on 
the western coast of Africa and from Yangambi which is in 
the interior of the Belgian Congo region. 
The initial discovery of alkaloidal material in the 
bark of E. guineense by Gallois and Hardy was followed by 
many reports of isolations of physiologically active alkaloids 
from various species and sub-species of Erythrophleum6-9. It 
appears that these early workers were not dealing with homo-
geneous compounds. This fact coupled with the possibility 
that the plant material investigated may have been lacking in 
botanical authenticity has led to confusion concerning both 
the source and pharmacological properties of the Erythrophleum 
alkaloids. 
Paris and Rigal9 , appreciating these difficulties, 
gave a very extensive description of E. guineense and E. 
iyorense10 both grossly and histologically. In a later paper4 
Paris gives a detailed description of the species E. fordii 
from Indo-China. These reports include descriptions of the 
wood, leaves and seeds as well as the bark and include gross 
and microscopic pictures. 
Dalma11 states that E. densiflora12 and E. fordii 
do not contain alkaloids but Paris4 has published concern-
ing isolation of alkaloids from the latter. Dalma states 
that E. chlorostachys of Australia contains alkaloids13. 
Some of the names given to the E. guineense tree 
by the natives are Sassy, Caeca, Casa, Cassa, N'Cassa, 
Man~one, Tali, Teli, Boutane, Odum, Elondo and others. 
The British colonists refer to the tree as the red-water 
tree. The tree is described as large and handsome with 
very hard wood, not affected by termites. The timber is 
valuable as a building material. A red-colored infusion 
from the bark is used by the natives as arrow and ordeal 
poisons as well as medicinal and tanning agents. 
The extracts from E. couminga are much more toxic 
than guineense. It has been reported that the leaves from 
E. couminga have caused mass poisoning of livestock in 
Madagascar and the Seychelles Islands. 
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The most comprehensive review of the source, chemis-
try and pharmacology of the Erythrophleum alkaloids is by 
G. Dalma in The Alkaloids by Manske and Holmes11 • Short 
reviews can also be found in Natural Products Related to 
Phenanthrene by Fieser and Fieser14, The Plant Alkaloids 
by Henry15 and in Annual Reviews of Biochemistry16 • 
B. Pharmacology• 
It has been known since the first description of 
the Erythrophleum tree that the bark extracts produced ex-
tremely toxic physiological effects. Preparations from 
the tree were used by natives for arrowhead poisons and 
ordeal drugs in their witch rituals. Dalma11 gives an ac-
count of the toxic symptoms that develop in the human being 
when a lethal dose of the drug is administered. Death 
eventually results from cardiac and respiratory failure. 
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The first successful chemical investigation of the 
constituents of the bark extract by Gallois and Hardy2 re-
sulted in the isolation of an amorphous alkaloid Which they 
named erythrophleine. They isolated this material from both 
E. guineense and E. couminsa and observed a digitalis-like 
cardiac activity. After this initial report, many investi-
gators have ex-.ined the heart action and local anesthetic 
properties of Erythrophleum preparations. All of this early 
work was done with impure, uncharacterized material, usually 
an amorphous commercial preparation. Some of the reports 
are briefly mentioned below. Harnack and Zabrocky6•7 re-
ported cardiac activity from an amorphous erythrophleine 
from E. Merck of Ilaxmstadt; the same substance was recommended 
as a local anesthetic in 1888 by Lewin. Laborde5 isolated 
his own alkaloid and reported (1907) the same physiological 
effects. In 1912 Power and Salway8 undertook a more extensive 
investigation of all the extractives from the bark. They 
isolated an amorphous alkaloid from E. guineense that 
again agreed with previous reports as to pharmacological 
properties. In 1921 Petrie13 reported that the species 
E. chlorostachy from Australia contained physiologically 
active alkaloids and in 1926 Kameran17 reported the same 
for E. lasianthum of Africa. Maplethrope18 mentions that 
a 50% solution of erythrophleine in eugenol called 
"throphleal" was used to devitalize dental pulp. He made 
rather extensive attempts to isolate a pure compound from 
E. guineense. 
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The first report of isolation of crystalline com-
pounds from the bark of Erythrophleum was by Dalma in 193519 • 
(There may be a possibility that Laborde5 isolated a crystal-
line compound from E. couminga in 1907 but this was not re-
peated.) Pharmacological studies with the pure, crystalline 
alkaloids were then carried out by Santi and Zweifel in the 
same year20 • After this, many papers appeared concerning 
experimental work designed to establish the physiological 
effects of these partially characterized pure alkaloids. 
Several papers were published in Italian journals concerning 
effects on the frog, rabbit and rat. Santi 21 gives an ex-
haustive review of results obtained by earlier investigators. 
Chen carried out investigations With crystalline 
cassaine, n2r-cassaidine, homophleine, coumingine, coumin-
gaine as well as acetyl-cassaine22 • 23 •24 • (The reader is 
referred to the Chemistry section for clarification of the 
nature of the 
~different alkaloids. Nor-cassaidine and coumingaine were 
later found to be mixtures or impure compounds. Homo-
phleine and erythrophleine appear to be the same amorphous 
substance.) Dalma25 reported physiological studies on the 
compounds that he isolated. Maling and Krayer26 experi-
mented with cassaine hydrochloride, ~-cassaidine hydro-
chloride, erythrophleine sulfate and coumingine hydro-
chloride from Dalma, erythrophleine sulfate from E. Merck 
in~stadt and with erythrophleic acid from Todd in 1946. 
Finally, two papers appeared by Goldberg, et a1. 27,3S con-
cerning similar experimentation in 1952. 
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Other investigators who have studied the alkaloids 
are Caccianillani29 who compared the action of the alkaloids 
on the rabbit heart with digitalis glycosides and Trabuchi30 
who reported on the local anesthetic properties of the 
crystalline alkaloids. 
1. Heart Action of Erythrophleum Alkaloids. 
The consistent, general description of the drug 
action of the alkaloids is that they possess heart action 
of the digitalis type. 
The more familiar cardiac-active principles occur 
in two groups of natural products14 • One group consists 
of plant products found in seeds and bark. The second group 
is found in skin secretions of the toad. The cardiac-
stimulating principles of these compounds are the steroids 
present as the aglycones of the plant glycosides or the 
structurally related genins (cardiac-active part of con-
jugated molecule) of the toad poisons. Some of these 
heart-active principles are digitoxigenin, bufotalin, 
strophanthidin and scillaridin A. All of the plant agly-
cones have the steroid nucleus with a 5- or 6-membered 
a,~-unsaturated lactone ring attached to the 17-position. 
Digitoxigenin, an aglycone of the strophanthus-digitalis 
group has the following structure. 
DIGITOXIGENIN 
The striking feature about the cardiac-active 
glycosides and toad poisons is that the aglycones all 
contain a,~-unsaturated lactone rings and a ~-hydroxyl 
group at c14• Both of these structural features are 
necessary for cardiac activity. Also, digitalis is in-
effective if the configuration of the A/B ring fusion of 
the steroid nucleus is trans rather than cis. 
10 
11 
The "digitalis-like" activity which these compounds, 
as well as some of the Erythrophleum alkaloids, show is 
described as follows; action on the heart is characterized 
by a slower, stronger systolic contraction and a reduction 
in arterial pressure. This effect increases the work 
capacity of the heart so that the output volume of blood is 
greater. In most animals (but not in man) there is a rise 
in blood pressure during the therapeutic and toxic stage. 
Toxic doses produce vomiting, cardiac irregularity and 
sudden heart failure. The members of this group are also 
local irritants31 • 
Another group of cardiac-active compounds are the 
Veratrum alkaloids32• The Veratrum alkamines and the cardiac 
aglycones are similar in that they both have the steroid 
structure; they differ in the functionality and nature of 
their additional rings. 
The structure of veratramine, one of the Veratrum 
alkaloids that exhibits a pronounced inotropic effect (in-
creased force of systolic contractures) upon the isolated 
heart, is as follows: (tentative structure proposed by 
Tamm and Wintersteiner33). 
12 
VERATRAMINE 
The Veratrum alkaloids exist as alkamine esters or 
as glycosides. 
All reports agree as to the positive inotropic effect 
of the Erythrophleum alkaloids. However, the assertion19• 27 
that the Erythrophleum alkaloids are the only alkaloids with 
digitalis-like activity is incorrect since, as mentioned 
before, the Veratrum alkaloids show this action. 
Chen found that coumingine hydrochloride was the 
most toxic alkaloid of all the compounds tested, producing 
physiological effects in cats equal to that of the cardiac 
steroid scillaren A. The fatal dose for cats ranged from 
0.1 to 3 mg. per kilogram of body weight with acetyl-
cassaine having the weakest effect. Krayer reports 0.16-
2.08 mg. per liter of blood as the lethal dose. Chen also 
determined the minimal systolic dose and evaluated the 
emetic effect of the alkaloids, all of which have emetic 
action. 
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Cassaine also causes stiffening of muscles and tonic 
convulsions in both frogs and cats due to central nervous 
system effect. The alkaloids also raise blood pressure in 
cats and stimulate isolated rabbit intestines and guinea 
pigs' uteri. 
It is often noted that the alkaloids produce cardiac 
irregularities which is characteristic of digitalis poisoning. 
An important observation by Krayer is that erythro-
phleic acid, or one of the diterpenoid acids obtained by hy-
drolytic removal of the amino grouping, in doses one hundred 
times that of the alkaloids before hydrolysis does not produce 
any changes in the performance or the electrocardiogram of 
the normal heart or any improvement in the failing heart. 
This seems to indicate that the alkamine ester is a necessary 
feature for cardiac activity. Early investigators also noted 
this same fact. 
Goldberg carried out quantitative comparisons of the 
Erythrophleum alkaloids with digitalis type compounds on 
open-chest dog preparations. He found that the action of 
coumingine was not as typical of the cardiac glycosides as 
were the other alkaloids. This contradiction in reports 
concerning coumingine is probably due to different methods 
of observation. 
2. Local Anesthetic Properties of Erythropl1leum 
Alkaloids. 
Many organic compounds including the Erythrophleum 
alkaloids have been found to possess local anesthetic 
properties. An important group of local anesthetics, ex-
emplified by cocaine, are dialkylaminoalkyl esters of or-
ganic acids. Even though there are some nitrogen-free 
14 
local anesthetics it can be said that most organic compounds 
exhibiting this action are nitrogen bases. 
The Erythropl1leum alkaloids induce intense and long-
lasting local anesthesia accompanied in most cases by irrita-
tion of the tissues concerned. Trabucchi 30 noted that these 
alkaloids have their most powerful anesthetic effect on 
mucosa, the action being characterized by a slow onset of 
symptoms and a high intensity of long duration. They are 
generally more potent than cocaine11 • Santi21 and Chen23 
give detailed descriptions of experimental results related 
to local anesthetic properties. 
A commercial preparation has been described in the 
34 d th " id " early literature un er e name nervoc en • This alka-
loid was obtained from an East Indian species of Erythrophleum• 
The drug was used for the purpose of destroying nerves of the 
teeth. It has now been established that "nervociden" is 
identical with erythrophleine sulfate. 
To complete this review of the physiological proper-
ties of the Erythrophleum alkaloids one other point should be 
15 
mentioned. Several authors have mentioned that the 
powdered bark causes violent sneezing. Indeed, Dalma 
recommends a gas mask when working with the bark of E. 
couminga. The effectiveness of the bark in producing 
sneezing has been noted in the present work. Additional 
facts have also been noted. The bark seems to cause 
sneezing after it is saturated with ammonia. It has also 
been observed that cassaine itself causes violent sneezing 
accompanied by an allergic reaction of the mucous membranes. 
It is also possible that some of the cassaine derivatives 
have a sternutative effect. 
In spite of the similarity of effects of the 
Erythrophleum alkaloids with the very important and useful 
digitalis drugs the Erythrophleum compounds have as yet 
found no clinical use due to the accompanying toxic reactions. 
C. Chemical Investigations of Cassaine and Related Alkaloids. 
The early (nineteenth century) chemical investiga-
tions of the bark from Erythrophleum probably was stimulated 
by the writings of missionaries, who had observed victims 
subjected to the poisoning effects of bark infusions. The 
first reported attempt to investigate the chemistry of the 
bark was by Santos3 in 1849. Santos examined the bark using 
routine methods known at that time. Although he detected 
bases, the quantity of bark available was not sufficient 
for isolation of the alkaloids. 
In 18752 Gallois and Hardy successfully isolated 
amorphous alkaloids from the bark of E. guineense and from 
the leaves and seeds of E. couminga. Power and Salway8 did 
not confine their investigations to the alkaloid fraction 
but explored the total extracts of the bark. They identi-
fied several crystalline compounds in addition to the amor-
phous alkaloids. 
No significant progress in the chemical knowledge 
of the alkaloids occurred until 1935 when Dalma19 reported 
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the isolation of four crystalline alkaloids from E. guineense. 
During the following fifteen years considerable progress was 
made in both structure determination and isolation of new 
alkaloids. Most of this work was carried out by Ruzicka and 
co-workers in Zurich. A total of seven different alkaloids 
have been described from E. guineense and E. couminga. The 
greater part of the earlier chemical work has been done with 
cassaine. This work will be discussed in detail. The 
chemistry now known about the other alkaloids will be pre-
sented very briefly and the relation among all the alkaloids 
noted insofar as the present state of knowledge permits. 
first 
1. Chemistry of Cassaine. 
The isolation of cassaine from E. guineense was 
19 
reported by Dalma in 1935 • Dalma named this crys-
talline alkaloid cassaine from Cassa, the native name for 
the plant. In the following year Dalma19 first ventured 
to suggest a structural possibility for the alkaloid. 
Due to similarities of physiological action, empirical 
formula, color reactions and behavior when heated with 
alcoholic hydrochloric acid, Dalma suggested that cassa1ne 
might be a methyl amide of an acid similar to the cardiac 
active aglycones. 
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The next chemical work was reported in 1939 by 
Falt1s and Holz1nger35, who were working in collaboration 
with Dalma at Flume, Italy and received their material from 
him. A significant amount of information was reported. 
Dalma was also conducting oli8J!!j rui1 1nvest1ga tiona w1 th 
cassa1ne which he reported in the same year25. The fol-
lowing facts are from these two reports. 
Dalma extracted cassa1ne from the bark of E. gu1neense 
obtained from the coastal forests near the mouth of the 
Belgian Congo. The powdered bark was treated with 10% 
ammonium hydroxide and exhaustively extracted with ether. 
The ether extracts were concentrated and extracted with 
0.5 N hydrochloric acid after washing with 5% potassium 
hydroxide. The acid solution was washed with ether, made 
alkaline and extracted with ether. This ether extract was 
concentrated and treated with concentrated sulfuric acid 
which precipitated cassaine bisulfate. Repeated crystalli-
zations of cassa1ne bisulfate yielded a pure compound with 
290° in vacuo with decompositiona. Cassaine was obtained 
by treating an aqueous solution of the sulfate with potas-
sium hydroxide and extracting with ether. After concan-
trating the washed and dried ether, glistening crystals 
formed in the cold. Recrystallization produced pure cas-
saine, which melted at 142.5° and had an equivalent weight 
of 405.6 (calc. 405.5). The empirical formula was assigned 
as c24H39o4N and optical rotations found as follows: 
a]~0 -111°, 1% in 95% ethanol; -103° in absolute ethanol 
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and -117° in O.lN hydrochloric acid. A monoacetyl derivative 
of cassaine melted at 123-124°, and a monoxime derivative at 
123-125°. The hydrochloride salt crystallized with one mole 
of water and melted at 212-213° (higp vacuum). 
Cassaine hydrolyzed with either acid or base accord-
ing to the following equation: 
The acid formed from acid hydrolysis was called cassaic 
acid and that from alkaline hydrolysis ~-cassaic acid. 
!!12-cassaic acid melts at 222-224°, a]~0 +81.8° (1% in 
95% ethanol). Cassaic acid had an equivalent weight of 
335.1 (calc. 334.4), m.p. 203° and a]~0 -126.3° (1% in 
95% ethanol). 
The basic fragment, c4H11NO, was identified as di-
methylaminoethanol. Faltis and Holzinger35 established 
aDalma reports corrected melting points. 
that cassaine was the dimethylaminoethanol ester of cassaic 
acid by reconstructing cassaine from the sodium salt of 
cassaic acid and chloroethyldimethylamine: 
c19H29o2-COONa + Me2NCH2CH2Cl ~ c19H29o2-COOCH2CH2NMe2 
SODIUM CASSAATE CAS SAINE 
The methyl ester of cassaic acid melted at 189-191° 
and the acetyl derivative of this methyl ester melted at 
189-191°. The semicarbazone of the acetyl derivative of 
the methyl ester was formed and melted at 246-247°. The 
four oxygen atoms are therefore accounted for as those in 
one carboxyl group, one alcohol and one ketone. 
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Cassaic acid was oxidized with chromic acid to di-
ketocassenic acid, m.p. 238-239°, a]D -164.5° (1% in 95% 
ethanol), which gave negative aldehyde tests. This estab-
lished the hydroxyl group as a secondary alcohol. The methyl 
ester of diketocassenic acid melted at 129-130°, the dioxime 
of the methyl ester at 130-132° and the disemicarbazone of 
the methyl ester melted at 290° (dec.). 
Faltis and Holzinger carried out catalytic hydrogena-
tions on both cassaine and cassaic acid. With palladium 
black one mole of hydrogen was absorbed. When platinum oxide 
was used one mole of hydrogen was rapidly absorbed and a 
second mole absorbed more slowly. Dihydrocassaic acid was 
isolated and showed a melting point range of 229-235° 
(sinter at 224°), (The saturated acid without the ketone 
or hydroxyl group is called caaaanic acid and the unsatu-
rated acid caaaenic acid; therefore this dihydrocassaic 
acid would also be named hydroxy-ketocaaaanic acid.) The 
range of the melting point of the hydrogenation product 
suggests that a mixture was formed, possibly a mixture of 
diaatereoisomers arising from generation of asymmetric 
centers during the reduction. 
The methyl eater of dihydrocaaaaic acid melts at 
108° and the monoaemicarbazone of the ester at 185-187° 
(sinter at 177°). Since the ketone group persisted in the 
dihydro product, the hydrogen must have entered into an 
ethylenic unaaturation. The absorption of only one mole 
of hydrogen with palladium black showed that there could 
be only one ethylenic double bond in the molecule. With 
this information available it could be shown that three 
isocyclic rings were present in cassaic acid. Dihydro-
caasaine was also isolated, m.p. 114-115° (sinter at 113°). 
Chromic acid oxidation of dihydrocassaic acid 
produced diketocasaanic acid, m.p. 228-229° (sinter at 
215°) which formed a methyl eater, m.p. 98.5-99° and a 
diaemicarbazone, m.p. 249-250°. Dalma attempted to reduce 
diketocaaaenic acid by Clemmenaen conditions but obtained 
only oily products. Faltia and Holzinger succeeded in re-
ducing one ketone group of the saturated diketocaaaanic 
acid. The crystalline monoketone, c20H32o3, was isolated 
and melted at 206°. All attempts to oxidize diketocaasenic 
20 
acid with ozone or potassium permanganate resulted in 
failure. 
In the same year Ruzicka and Dalma 36 reported 
studies concerned with the position of the double bond 
and the skeletal structure of cassaic acid. Ultraviolet 
studies were done on oassaine, oassaic acid, the methyl 
ester of diketocassenic acid, dihydrocassaic acid and 
dihydroxy-cassanio acid. The ultraviolet spectrum for 
cassaine, wavelength maximum (ale.) 223 millimicrons, 
loge 4.26, suggested that the double bond was conjugated 
with the carboxyl group. 
These authors repeated the preparation of dihydro-
cassaic acid, m.p. 253-255° (high vacuum), ~D 0° (95% 
ethanol), -5° (O.lN sodium hydroxide). (Faltis and Hol-
zinger had reported a melting point of 229-235° for this 
compound.) The same acid was obtained by alkaline sapon-
ification of dihydrooassaine. Dihydroxycassanic acid was 
prepared by reduction of dihydrocassaic acid with sodium 
and alcohol, m.p. 262-265°, ~D -70° (~in O.lN sodium 
hydroxide). The methyl ester was prepared which melted 
s.t 172-174°. 
Dihydroxycassanic acid (IV) on treatment with 
selenium at 340° gave 1,2,8-trimethylphenanthrene (V), 
m.p. 142-143° which had been ~nthesized by Haworth.37 
As the result of this experiment as well as earlier 
observations, formulation IV was proposed for dihydroxy-
cassanic acid. As shown by the dotted lines, the structure 
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follows the strict head-to-tail isoprene rule. 
OOH 
OH 
1-10 
IV v 
Appearance of a methyl group at the a-position of 
the phenanthrene product V was considered to be the result 
of a Wagner-Meerwein migration of one of the methyl groups 
from the dihydroxyoassanic acid 1-position at some stage 
involving loss of the hydroxyl group from the a-position. 
The postulated loss of two angular methyl groups as well 
as the carboxyl group was analogous to other related 
aromatizations, and accounted for the loss of three carbon 
atoms on conversion of the ao-carbon cassanic acid to the 
17-oarbon trimethylphenanthrene. If formulation IV were 
correct for dihydroxycassanic acid, insertion of a double 
bond at the 5,6-position and conversion of one of the hy-
droxyl groups to carbonyl would produce the original oas-
saic acid molecule. 
A test of the Wagner-Meerwein rearrangement as the 
explanation of the appearance of a methyl group at the 
phenanthrene a-position was made in 1941.38 Postulation 
a a 
of hydroxyl at position 2 of the oassanic acid made the 
Wagner-Meerwein shift appear reasonable and possible. 
Analogous rearrangements had been observed in similar 
situations in the triterpene field.39 However, removal 
of this hydroxyl group should make the wagner-Meerwein 
rearrangement far less likely. No examples of rearrange-
ment_ of a gem-dimethyl compound to an .Q_-dimethyl compound 
in selenium dehydrogenation has been reported. Also, 
there are ~ priori arguments for rejecting the Wagner-
Yeerwein rearrangement in the absence of an adjacent hy-
droxyl group. Accordingly, no 2-methyl group would be 
expected in the phenanthrene aromatization product of 
cassanic acid minus ~hydroxyl groups. 
Dihydrocassaic acid was oxidized to diketocassanic 
acid, m.p. 225°, ~D -44°, which was reduced under Wolf-
Xishner conditions to cassanic acid, m.p. 224°, ~D +3° in 
chloroform, methyl ester m.p. 44°, ~D +4°. An isomer of 
oassanic acid, iso-oassanio acid, was also isolated from 
this reduction in low yield. This isomer melted at 160°, 
~D -110°, methyl ester m.p. 95°. When cassanic acid was 
' dehydrogenated with selenium, 1,2,8-trimethylphenanthrene 
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was again isolated. Since the Wagner-Meerwein rearrangement 
was precluded, formulation IV was shown to be inadequate. 
The following structure for cassaio acid (VI) was 
then proposed40 which also follows the isoprene rule (with 
one head-to-head arrangement), and which seemed to interpret 
the known facts. 
OOH 
VI 
If formulation VI were correct, reaction of cas-
sanic acid methyl ester (VII) with methyl Grignard reagent 
VII Sel VIII 
IX 
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would give a dimethyl carbinol VIII which should yield 
1,2,8-trimethyl-7-isopropylphenanthrene (IX) on selenium 
dehydrogenation. 
Test of this prediction was carried out. The 
Grignard reaction gave a crystalline dimethylcarbinol, 
CaaH400, which on dehydration followed by dehydrogenation 
in a sealed tube with selenium gave rise to a crystalline 
phenanthrene, c2oH22 , m.p. 131-132°. The ~-tr1nitrobenzene 
derivative showed a melting point of 128°. The expected 
1,2,8-trimethyl-7-isopropylphenanthrene (IX) was synthe-
sized, and showed a melting point of 129-130°. However, a 
mixed melting point of this synthetic material with the 
phenanthrene obtained from the natural product showed a 
depression of 20°; also, the ~-trinitrobenzene derivative 
of the synthetic phenanthrene melted at 188-189°. The 
degradation material was clearly not the anticipated 
1,2,8-trimethyl-7-isopropylphenanthrene (IX). 
In the hope of getting some indication of the 
nature of the CaoH22 hydrocarbon, the ultraviolet absorp-
tion spectra of several alkyl-phenanthrenes were studied 
and compared with that of the dehydrogenation product. 41,4a 
The following alkyl-phenanthrenes were studied: 
1,2,8-trimethyl, a-isopropyl, 1-methyl-2-isopropyl, 1,7,8-
trimethyl-2-1!Qpropyl, 1,2,7,8-tetramethyl, 1,9-dimethyl-2-
isopropenyl and 1,9-dimethyl-2-isopropylphenanthrene. From 
these comparisons it could be concluded that the c20H2a 
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phenanthrene derived from cassanic acid was ~ tetra-
substituted. Actually, a 1,2,8-trialkylphenanthrene 
seemed to be indicated. 
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To fit this finding, the carboxyl group was moved 
from its position directly attached to the ring to a posi-
tion once removed from the ring, as shown in formulation (X). 
CHCOOH ) VIII 
X 
l 1 
XI XII 
The transformations involved in methyl Grignard addition 
to the ester grouping, dehydration and aromatization would 
then ~ increase the number of alkyl groups on the phenan-
threne product. At the same time formulation X accounted 
for the origin of 1,2,8-trimethylphenanthrene by postulating 
retention of the carbon holding the carboxyl group. In other 
words, the 1,2,8-trimethylphenanthrene derived from the 
cassaic compounds could more appropriately be called 1,7,8-
trimethylphenanthrene (compare V and XI). 
If formulation X for cassaic acid were correct, the 
c20H22 phenanthrene, m.p. 131-132°, should be 1,8-dimethyl-
1 7-isobutylphenanthrene (XII). Humber and Taylor in 1955 
showed that this was indeed the case, by direct comparisons 
of the degradation material with authentic synthetic material. 
This piece of evidence not only supports the assignment of 
the carboxyl group to a side chain position but proves that 
the position assigned in formulation X is correct. 
Engel76 had ozonized diketocassenic acid (XIII) to a 
triketo-trioyclic compound (XIV) m.p. 199-201°. Humber and 
Taylor point out that the ultraviolet absorption spectrum 
of this triketone as well as that of diketocassenic acid 
methyl ester would not be consistent with the results ex-
pected if both hydroxyl and ketone of cassaic acid were in 
the same ring, or if either hydroxyl or ketone were in the 
ring bearing the acid function. From these deductions as 
well as by analogy Humber and Taylor ventured to propose 
structure XV for oassaic acid. This structure does not 
follow the isoprene rule since one five carbon fragment 
is a normal five carbon chain rather than an isoprene unit. 
CHCOOH 
CASSAIC ACID 
X 
nv 
/ 
CHCOOH 
DIXETOCASSENIC ACID 
XIII 
HO 
XV 
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It was mentioned on page 18 that a double bond isomer 
of cassaic acid called allo-cassaio acid was obtained from 
alkaline hydrolysis of cassaine. In the present work unsuc-
cessful attempts were made to prepare allo-cassaic acid by 
the method reported in the literature25 which consists of 
heating cassaine on a steam bath in a lN solution of potassium 
hydroxide in Bo% ethanol. It was later learned by a 
personal communication from Engel that treatment with 
2N potassium hydroxide at 120° is required for formation 
of allo-cassaic acid. Engel gave a melting point of 
252-253°, ~D +58• (methanol) for their purest product. 
'!'his is different from the reported value, .m.p. 222-224°, 
~ D +81.8° (95% ethanol). Allo-cassaic acid absorbs only 
in the far ultraviolet region and is assumed to have the 
double bond in the fl, I- position rather than conjugated 
with the carboxyl group. 
King, King and Uprichard43 have related cassanic 
acid to the diterpene vouacapenic acid (XVI). 
VOUACAPENIO ACID 
XVI 
Vouacapenane (XVII) was obtained by reduction of 
the carboxyl group of vouacapenic acid to the methyl group. 
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XVII 
XX 
< 
CA.SSA.NIC A.CID METllYL, ESTER 
XXI 
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XVIII 
lzn/HOA.c 
CHfOOH 
XIX 
Oxidation of XVII with perphthalic acid yielded the 
hydroxylated lactone XVIII which was reduced to the 
keto-acid XIX by zinc and acetic acid. Reduction of 
the ketone was accomplished by treatment of the thio-
ketal XX with Raney nickel. The methyl ester XXI was 
identical with the methyl ester of cassanic acid. This 
established the skeletal structure of cassaic acid as 
well as the trans configuration of the A/B ring fusion. 
The structure of vouacapenic acid has been 
elucidated by King, Godson and King. 44 The structure 
was rigorously established except for the angular methyl 
group at Ora· Much of the experimental evidence for the 
structure of vouacapenic acid was obtained by dehydrogena-
tion reactions of the acid and various derivatives. 
Since one of the five carbon fragments of this diterpene 
is not an isoprene unit due to the position of the methyl 
group at o8 a great deal of attention was given to mi-
gration possibilities. The reader is referred to the 
original paper for details of this structure proof. 
The A/B ring fusion was assigned the trans configura-
tion. This assignment has been confirmed43 by isolation 
of the Orl tricarboxylic acid (XXII) from nitric acid 
oxidation of methyl tetradehydrovinhaticoate (XXIII). 
(Vinhaticoic acid is isomeric with vouaoapenic acid. The 
01 carboxylic acid group is trans to the o12 methyl in 
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vinhaticoic acid and cis in vouacapenic acid.) Since the 
tricarboxcylic acid XXII is optically inactive the 1 and 
3 carboxyl groups must be cis to each other, so the 
original acid group and angular methyl group must be trans. 
The remaining carboxyl group at position 2 has been shown 
by Barton and Schmeidler45 from a study of dissociation 
constant data to be related in the trans sense to the other 
two carboxyl groups so the AlB rings are probably ihsed in 
the trans configuration. (No mention is made of the pos-
sibility of isomerization during the oxidation experiment.) 
Cf-ls Q ·.COOH COOH 
··H 
c H3 ··-cooH 
XXII 
HOOC 
XXIII 
In an as yet unpublished work, R. B. Turner and 
his associates have synthesized diketone XXIV. 
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CH~ 
This same compound was obtained from caasaic acid by 
bromination and dehydrohalogenation of acetoxydiketo-
cassane (XXV) which was prepared by ozonolysis of methyl 
cassaate. The details of the chemistry, which also in-
cludes some experimental evidence concerning the stereo-
chemistry of the B/C ring fusion and configuration of the 
c8 methyl group, are awaited with interest. 
By a private communication it was learned that 
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D. w. Mathieson of the University of London has unequi-
vocally located the hydroxyl group of cassaic acid. This 
was accomplished by reducing acetoxydiketocassane (XXV), 
prepared by ozonolysis of cassaic acid acetate, to acetoxy-
cassane (XXVI). Oxidation of the hydroxy compound gave 
ketocassane which was allowed to react with methyl Grignard 
reagent and dehydrogenated. Isolation of 1,2,8-trimethyl-
phenanthrene unequivocally located the original hydroxyl 
group of cassaic acid at the 2-position. 
XXVI 
2. Chemistry of Cassaidine 
Oassaidine was isolated from the bark of E. 
guineense by Dalma in 1935.19 An alkaloid was also 
reported that was named BQ!-Cassaidine which was later 
46 found to be impure cassaidine. In 1940 Dalma reported 
an empirical formula of c24H41No4 and a melting point of 
139.5°, ~ D -98° in ethanol for oassaidine. 
This alkaloid could be hydrolyzed with acid to 
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form oassaidic acid and dimetbylaminoethanol. Oassaidic 
acid formed an amorphous diacetyl derivative; a Zerewitinoff 
determination for cassaidio acid indicated two hydroxyl 
groups. Diketooassenic acid was obtained by chromic acid 
oxidation of oassaidic acid. Reduction of oassaidine 
formed a dihydro derivative which yielded an acid on alka-
line saponification identical with dihydroxyoassanio acid. 
Ultraviolet spectroscopy of oassaidic acid demonstrated 
the presence of an a,~-unsaturated carboxyl group and the 
absence of a ketone. 
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This experimental evidence indicates that cas-
saidine has the same structure as cassaic acid except 
that the ketone function is in the form of a hydroxyl 
group. 
3. Chemistry of Erythrophleine. 
47 Blount, Openshaw and Todd have done some chemi-
cal studies on amorphous erythrophleine which they obtained 
from E. Merck in Darmstadt. They believed this material to 
be one compound even though it resisted crystallization. 
Hydrolysis of erythrophleine gave a crystalline acid, 
erythrophleic acid, c21H32o5, and a base which was identi-
fied as monomethylaminoethanol. This acid yielded only an 
oily methyl ester from which a crystalline 2,4-dinitro-
phenylhydrazone could be formed. An acyl derivative was 
not crystallized. An ultraviolet spectrum showed an ab-
sorption at 221 millimicrons characteristic of an a,~-un­
saturated acid. One mole of hydrogen was easily absorbed. 
Selenium dehydrogenation gave 1,2,8-trimethyl-
phenanthrene, which was identified by direct comparison with 
a synthetic sample. Two zerewitinoff determinations on 
erythrophleic acid showed 1.5 and 1.7 active hydrogens. 
It can be concluded from this evidence that erythro-
phleic acid may have the structure of oassaic acid plus a 
methoxyl group. However, the experimental evidence is 
meager and there does exist the possibility that erythro-
phleine may be a mixture and not a pure compound. It 
should also be noted that the amorphous compound isolated 
by Dalma19 and called homophleine is probably the same as 
erythrophleine. 
4. Chemistry of Coumingine. 
The alkaloid coumingine was isolated from the bark 
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of E. couminga obtained from Madagascar. Coumingine, 
m.p. 142°, ~D -70°, formed a monoxime derivative but not 
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an acetyl derivative. Acid hydrolysis of coumingine yielded 
coumingic acid, c25H38o6 , and dimethylaminoethanol. The 
crystalline acid formed a monoxime but no acetyl derivative. 
Ultraviolet spectroscopy showed the presence of a double 
bond a;~ to the carboxyl group. The double bond could be 
easily hydrogenated. Alkaline hydrolysis of ooumingine 
produced three fragments, oassaic acid, dimethylamino-
ethanol and ~-hydroxy~valeric acid. 49 The c20 acid from 
alkaline hydrolysis was identical with cassaic acid as 
evidenced by melting point, mixed melting point and opti-
cal rotation as well as physical properties of derivatives. 
It is suggested by the experimental evidence that 
coumingine has the structure of cassaine esterified at the 
hydroxyl position with ~-hydroxyisovaleric acid. 
5. Chemistry of Coumingidine. 
Coumingidine, a second alkaloid isolated from E. 
couminga by Schlittler,50 was not the same as Dalma' s 
coumingine. Coumingidine was found to be a secondary base 
and difficult to purify. Purification was finally success-
ful by regenerating the secondary base from the nitroso 
derivative. In this way the pure alkaloid was obtained 
which melted at 160-161° and had an empirical formula 
c2eH45o6N. This secondary base also formed an acetyl de-
rivative and a phenylthiocarbamate. A dihydro derivative 
could be formed by hydrogenation. 
When ooumingidine was subjected to acid hydrolysis 
it had a tendency to "re-esterify" so coumingidic acid was 
isolated as the nitrogen free methyl ester. The basic 
fragment was identified as monomethylaminoethanol. This 
methyl ester had a melting point eleven degrees lower than 
that observed for the melting point of the methyl ester of 
coumingio acid. 
Alkaline hydrolysis of the methyl ester of oou-
mingic acid gave an acid with the same empirical formula 
37 
as oassaic acid but not identical with either oassaic acid 
or allo-cassaic acid. Alkaline hydrolysis of coumingidine 
did give an acid identical to oassaio acid. 1,2,8-Tri-
methylphenanthrene was obtained by selenium dehydrogenation. 
The chemistry of this alkaloid is not clear but 
coumingidine seems to be related to cassaic acid in the 
same manner as coumingine except that coumingidine is a 
secondary base. However, coumingidic acid has not been 
related to coumingic acid. They may be isomeric. 
6. Chemistry of Erythrophlamine. 
A new alkaloid was isolated from E. couminga in 
1945.51 This base was isolated by purifying the nitroso 
derivative of the secondary base. In a later publication52 
two new alkaloids were isolated from E. guineense by Engel 
and Tondeur, one of which was identical with the above al-
kaloid. There is an inconsistency because the first base 
isolated was stated to be secondary and the alkaloid 
described later is tertiary. Finally, 53 this alkaloid 
was named erythrophlamine. Further chemical investigations 
were reported in 1950.54 
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Erythrophlamine, which melts at 149-151°, and shows 
~ D -60° (95% alcohol), forms amorphous salts but a crystal-
line picrate derivative. The empirical formula is c25H39o6N. 
Ultraviolet spectroscopy demonstrates the presence of a 
double bond a,~ t~ a carboxyl group. Acid hydrolysis pro-
vides erythrophlamic acid, c21H30o6 , and dimethylamino-
ethanol. The crystalline acid forms a methyl ester, an 
acetate and ketone derivative. The presence of a methoxyl 
group has been determined but the nature of the sixth 
oxygen atom is not known. 
7. Chemistry of Casea.ine. 
Cassamine was first isolated by Engel and Tondeur 
from E. guineense in 194852 and again reported in 1949.53 
Chemical investigations were published by Engel, Tondeur 
and Ruzicka in 1950. 54 
Cassamine is a tertiary base, c25H39o5N, melting 
point 84-85°, ~D -56° (95% ethanol), which forms an 
amorphous picrate. The alkaloid has a methoxyl group 
and an a,~-double bond which absorbs at 225 millimicrons. 
HYdrolysis of cassamine Q1 dilute acid gives rise to 
cassamic acid which forms an amorphous ester, a 2,4-di-
nitrophenylhydrazone and an oxime. Four oxygen atoms are 
therefore accounted for by a carboxyl group, methoxyl 
group and a ketonic function. The function of the fifth 
oxygen atom has not been determined. 
8. 9ummarr of Chemistry of Ezythrophleum Alkaloids 
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Six crystalline alkaloids and one amorphous alka-
loid have been isolated from Erythrophleum. Cassaine, 
cassaidine, erythrophlamine and cassamine have been 
isolated from E. guineense. An extensive fractionation 
procedure has been reported by Engel and Tondeur. 53 
Coumingine and coumingidine have been isolated from E. 
couminga besides some of the above-named alkaloids. 
Amorphous erythrophleine has been isolated by many in-
vestigators and is probably identical to the homophleine 
reported by Dalma. The apparent inconsistencies and 
contradictions in the literature regarding the nature of 
alkaloids isolated from Erythrophleum plants are undoubtedly 
due to great variations of bark content from different re-
gions and also lack of specie and subspecie authenticity. 
The following table summarizes the chemistry known 
about the alkaloids. 
Cassaine 
HC o-cH2CHaN(CH3)2 
2-QH 
9=0 
Erythrophleine 
-CHaCHgNHCH3 
-QH 
=0 
-OCH3 
Coumingine 
-CHgCHaN(CH3)a 
. 2-QCOCH2C(OH)CH3CH3 
9=0 
Cassamine 
-CHaCHgN(CH3)a 
-OCH3 
=0 
? 0 
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Cassaidine 
-CHgCHgN(CH3)2 
a-oH 
9-0~ 
Coum1ng1dine 
-CHgCH2NHCH3 
2-0COCHgC(OH)CH3CH3 
=0 
Erythrophlamine 
-CHaCHgN(CH3)a 
-ocH3 
=0 
? 0 
-OH 
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III. METHODS OF LOCATING THE HYDROXYL AND KETONE FUNCTIONS 
OF CASSAIC ACID 
A brief account of the original plans is given here. 
The information in this section might be compared to that in 
Section IV-A, in which the research actually completed is 
described. 
A. Location of the Ketone Function of Cassaic Acid. 
It is well known that certain diterpene compounds 
can be dehydrogenated to give various substituted phenan-
threnes depending upon the structure of the original ter-
penoid compound. Many examples of dehydrogenations of 
this type can be found in the literature. Both cassanic 
acid and dihydroxycassanic acid have been dehydrogenated 
with selenium and 1,7,8-trimethylphenanthrene has been 
isolated in both oases. The dimethyl carbinol obtained 
from the reaction of methyl cassanate with methyl magnesium 
iodide has also been dehydrogenated with selenium to yield 
1,8-dimethyl-7-isobutylphenanthrene. 
Following this general procedure it was thought 
that if a methyl group could be introduced at the ketonic 
position of cassaic acid (XXVII) by organometallic com-
pounds or by Wittig's reagent and the phenanthrene obtained 
from selenium dehydrogenation identified, the ketone would 
be unambiguously located. Dehydrogenation of this new 
derivative of cassaic acid (XXVIII) with a methyl group 
attached to the carbonyl carbon would give rise to a tetra-
substituted phenanthrene. From spectroscopic data of cas-
saic acid and various derivatives it was concluded that the 
ketone would have to be in the A or B ring of cassaic acid. 
Of the possible locations the 9-position was favored by 
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analogy to other terpanes. If this were true, the phen-
anthrene to be expected would be the 1,7,8,9-tetramethyl-
phenanthrene (XXIX). This phenanthrene was not known so a 
synthesis of this compound was undertaken by Subodh Chakravarti. 
1-10 
CASSAIC ACID 
XXVII XXVIII 
XXIX 
B. Location of the EYdroxvl Function of Cassaic Acid. 
The location of the hydroxyl function could be 
accomplished by a similar method. Two different approaches 
were considered. Reaction of diketocassenic acid (XXX) 
with methyl Grignard reagent and subsequent dehydrogenation 
would give rise to a pentamethylphenanthrene (XXXI). If 
the hydroxyl function were at the a-position the same 
pentamethylphenanthrene would be obtained from material 
with the original carbonyl at either the 9-or 10-position. 
This phenanthrene has not been reported so would also 
have to be synthesized for identification purposes. 
HCOOH 
0 
DIKETOCASSENIC ACID 
XXX 
HCOOH 
H 
XXXI 
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An alternate approach would be to first reduce 
the ketone of cassaic acid to the methylene group. Oxi-
dation of the remaining hydroxyl to a ketone (XXXII), 
reaction with methyl magnesium iodide (XXXIII) and de-
hydrogenation would produce a tetramethylphenanthrene. 
If the hydroxyl were at the 2-position, as was strongly 
suspected, 1,2,7,8-tetramethylphenanthrene (XXXIV) would 
be obtained. A synthesis of this phenanthrene has been 
reported in the literature. 
I-ICOOH HCOOH 
XXXII XXXIII 
XXXIV. 
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During the course of experimentation it was 
found that the ketone of cassaic acid was unreactive 
towards methyl magnesium iodide. This opened a third 
approach to the protaem of locating the hydroxyl group. 
A methyl group could be placed at the ketone position 
arising from oxidation of the hydroxyl group with methyl 
Grignard reagent without interference from the original 
carbonyl. This method provided a tetra-substituted 
phenanthrene when the reduced Grignard adduct was dehydro-
genated. 
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IV. DISCUSSION OF EXPERIMENTAL PROCEDURES 
A. Outline of Experimental Work. 
It was found that reaction of cassaic acid or its 
derivatives with methyl Grignard reagent gave little or 
no Grignard adduct. This result was judged either by re-
covery of starting material or infrared spectral analysis 
of the crude product. In the cases in which extensive 
chromatography was employed, no product was obtained with-
out ketonic absorption in the infrared carbonyl region. 
Grignard reactions were attempted with cassaic 
acid, methyl cassaate, cassaine acetate and decarboxylated 
acetylated cassaic acid. 
Decarboxylated cassaic acid also failed to react 
with Wittig's reagent (see Section L). 
Finally, it was possible to add a methyl group to 
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the ketonic position of deoarboxylated acetylated oassaic 
acid (XXXV) by use of metbyllithium. A phenanthrene (XXXVII) 
was isolated after selenium dehydrogenation of the dihydroxy 
compound (XXXVI) obtained from the methyllithium reaction 
which was identified as 1,7,8,9-tetramethylphenanthrene by 
direct comparison with a synthetic sample. 
AeO 
XXXV XXXVI 
XXXVII 
Several dehydrogenation experiments were carried 
out on oassaio acid itself in the hope of obtaining phen-
anthrol (XXXVIII). These experiments would constitute an 
alternate approach to location of the ketonic function if 
methyl addition proved impossible, since fixing the 
position of the phenolic hydroxyl would also fix the 
position of the original carbonyl group. 
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HO 
XXXVIII 
Dehydrogenation of ring compounds that contain ketone 
groupe has often resulted in an aromatic compound with 
a hydroxyl group at the ketone position. A pertinent 
example is the selenium dehydrogenation of rosenono-
lactone (XXXIX) from which a 9-phenanthrol (XL) was 
isolated. 55 
ROSENONOLACTONE 
XXXIX 
Se 
> 
XL 
Many other examples can be cited. 
+ 
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Unfortunately a phenanthrol was not isolated 
from cassaic acid. 
The unreactivity of the ketone group towards 
Grignard reagents opened a totally different approach 
to locating the hydroxyl group than had been anticipated. 
Diketocassenic acid, obtained qy chromic acid oxidation 
of cassaic acid, was decarboxylated. This diketo-
decarboxylated compound was allowed to react with methyl 
Grignard reagent. Infrared analysis indicated that one 
carbonyl had reacted. After reduction with lithium 
aluminum hydride, a phenanthrene was produced by dehydro-
genation with selenium. This phenanthrene was identified 
as 1,2,7,8-tetramethylphenanthrene by direct comparison 
with a synthetic sample. 
B. Isolation of the Tota1 Bases from E. Guineense Bark. 
The method of isolating the total bases from the 
powdered bark was a modification of the method in the 
literature53 which was better suited to the facilities 
available. The essential difference in the technique 
employed was the method of ether extraction. Engel and 
Tondeur used 5 kg. quantities of powdered bark which was 
"macerated" with 10 1. of ether. Facilities for large 
scale extractions were not available in this laboratory, 
so after a considerable amount of experimentation it was 
found that 2 kg. amounts of bark with 2 1. of 10% ammonium 
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hydroxide could be extracted ~ suspending a cheese cloth 
bag containing the bark in ether. Yields comparable or 
better than those reported in the literature could be ob-
tained~ suspending the bag of bark in ether, with oc-
casional agitation, for 48 hours, followed ~ one rinse 
with fresh ether. It was found that the yield was not 
appreciably increased by extending the time of suspension 
in ether or increasing the number of rinses. One extrac-
tion was attempted ~ adding ammonium hydroxide to the 
ether rather than mixing with the bark before extraction. 
This procedure resulted in only 0. 04% yield of total bases 
as compared with 0.30% from the former method. 
The extractions described were carried out on 
bark from Sierra Leone, Afrioa!i A second shipment of 
bark was obtained from Yangambi.b One extraction of 
Yangambi bark following the described procedure resulted 
in 0.40% yield of basic material. The Yangambi bark was 
much more finely powdered so it is not possible to deter-
mine whether the higher yield was due to a different re-
gion of growth or due to more finely powdered bark. The 
aS. B. Penick and Co., 50 Church St., New York 8, N.Y. 
b Provided ~ the Director General of Institut National 
pour 1 1 Etude Agronomique du Congo Belge, through the 
good offices of Mr. R. G. :McGregor, American Consul in 
Leopoldville, and Dr. W. o. Brown, Director, African 
Research and Studies Program at Boston University. 
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literature reports 0.28% of total bases from bark ob-
tained from Yangambi. 
The total bases could be obtained as a very pale 
yellow or white "foamed glass" type of solid if dried 
under vacuum. 
cassaine bisulfate was also isolated from total 
bases extracted from the bark by S. B. Penick and Co. 
The total bases were received as a dark, brown, solidi-
fied mass. 
c. Isolation of Cassaine Bisulfate. 
The method of Engel and Tondeur53 was used to 
isolate cassaine (XLI) bisulfate. The yield of cassaine 
bisulfate was 6.8% of the total bases compared with 5.24% 
reported in the literature. This first fraction isolated 
as the sulfates from the total bases consisted of cassaine 
and cassaidine bisulfate. One recrystallization from 
methanol was usually sufficient to isolate pure cassaine 
bisulfate. When dried in the air, cassaine bisulfate con-
tains one half mole of water of crystallization which can 
be removed by drying in an evacuated desiccator over phos-
phorus pentoxide. 
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D. Isolation of Cassaine. 
Isolation of oassaine (XLI) was carried out as 
described by Engel and Tondeur, 53 with the same results. 
It was later found that the oassaine formed by neutrali-
zation of oassaine bisulfate in a cold, ~queous solution 
could be readily filtered and dried. The cassaine ob-
tained by this method was usually of high enough purity 
to use without recrystallization. 
E. Aoid EYdrolYsis of Cassaine to Cassaio Acid. 
1-lO 
CASSAINE 
XLI 
+ HOH 
HO 
CHCOOH 
CASSAIC ACID 
XLII 
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HCl 
The acid hydrolysis of cassaine to oassaic aoid 
(XLII) was straightforward. The physical constants of 
oassaic acid agree with the reported values within experi-
mental error. Direct acid hydrolysis of cassaine bisulfate, 
without isolation of cassaine gave cassaic acid in 
slightly increased yield. 
The pure cassaine bisulfate, isolated from 
the first fraction of bisulfates, (which contains 
mostly cassaine and cassaidine bisulfates) yields an 
amount of cassaic acid corresponding to about 3~, by 
weight, of the total bases. The yield of cassaic acid 
from the bark is about 0.01~. 
F. Alkaline HYdrolysis of Cassaine to Cassaic Acid. 
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CHCOOCI-IC~ H.3 EIOCH2CH2N(CH3)2 + 
XLI 
·x 'CHa 
e 
OH 
:> 
CH:z_C,OOH 
ALLO-OASSAIC ACID 
XLIII 
The literature reports the preparation of allo-
cassaic acid (XLIII) by alkaline hydrolysis of cassaine. 25 
Alkaline hydrolysis was carried out exactly as described 
in the literature. A second experiment differed only in 
the length of reflux time. In both cases cassaic acid, 
identified by melting point and infrared analysis, was 
obtained. The reported melting point for allo-cassaic 
acid is 222-224°; ~ ~0 + 81.8° (95% ale., c = 1), as 
compared to ~D -126° (95% ethanol), m.p. 203° for 
cassaic acid. 
When the literature was carefully reviewed, 
several inconsistencies were found regarding this com-
pound (as noted in Section II). Finally, through a 
personal communication with Engel, it was found that 
the conditions necessary to produce allo-cassaic acid 
are quite different from those described in the litera-
ture. Engel states that the isomerization of the "normal n 
to the "allo" acids is an equilibrium reaction, therefore, 
the product may not be completely free from the "normal" 
acid. The melting point for !!12-cassaic acid is given 
by Engel as 252-253° and ~ D +58° (methanol). It is neces-
sary to heat cassaic acid with 2N potassium hydroxide at 
120° to form allo-cassaic acid. 
It can be concluded from the alkaline hydrolysis 
of oassaine that oassaic acid is stable to mild alkaline 
treatment. 
G. Preparation of Methyl Cassaate. 
The methyl ester (XLIV) of cassaic acid was pre-
pared by heating the acid with methanol in the presence 
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of acid according to the method reported in the literature.25 
CHCOOH 
HO 
XLII XLIV 
The yield was tolerable but low. Esterifioation with 
diazomethane would probably give superior yields. 
The ultraviolet absorption spectrum and optical 
rotation, which were not reported in the literature, were 
determined. 
H. Acetylation of Oassaine. 
HO 
,cH3 CHCOOCH£ HJ'l 
'\ CHa 
) 
XLI 
CHCOOR 
XLV 
The method of acetylation of cassaine, with 
acetic anhydride in benzene, reported in the literature25 
was used. The yield of material with the correct melting 
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point was 68% as compared with a reported 86%. Dalma 
reports needles melting at 123-124° for acetylcassaine 
(XLV) after recrystallizations from ether. It was found 
that the acetylation product was quite soluble in ether 
so crystallization was carried out in petroleum ether. 
A white, amorphous material was obtained. The infrared 
spectrum was that expected for the acetate (Fig. 13). 
Chromatography of the acetylated product on acid washed 
alumina provided fractions of nicely crystalline material, 
melting at 118.5-120.5°. However, the yield of crystal-
line material by chromatography was only 27%. From this 
result it can be concluded that either acetylation was 
incomplete or the acetate hydrolyzed on the column. 
I. DecarboXflation of Cassaic Acid. 
C~COOH c~ 
HO HO 
XLII XLVI 
Cassaic acid was decarboxylated in quinoline at 
about 240°. An infrared absorption curve expected for the 
56 
decarboxylated product was obtained for the crude product. 
Peaks at 6.04 and 11.15 microns were assigned to a ter-
minal methylene group. This material was acetylated since 
all attempts to obtain crystalline material were unsuccess-
ful. The acetylated material was chromatographed on acid 
washed alumina. A small amount of alumina (.75 g.) in a 
fairly large diameter column (1 em.) was used to minimize 
hydrolysis of the acetate on the column. Nicely crystal-
line material was eluted from the column with a solvent 
mixture of petroleum ether-benzene, 1:1. The analysis 
of the pure compound was in agreement with the calculated 
values. The infrared curve showed peaks expected for a 
keto-acetate containing a terminal double bond (Fig. 15). 
An active hydrogen value was determined to be 0.14%, 
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(calc. 0.30% for one active hydrogen). The possible sig-
nificance of this value will be discussed in a later section. 
After successfully decarboxylating diketocassenic 
acid (see below) by heating in the absence of quinoline 
the same procedure was tried with cassaic acid. No crys-
tallizable material was obtained, although infrared spectra 
of several fractions were in agreement with that expected 
for the keto-hydroxy methylene compound (XLVI). 
The thermally decarboxylated material was acetylated 
and processed by a procedure identical to that used for 
material decarboxylated in quinoline. Only noncrystalline 
material was eluted from a chromatography column. The 
material was re-acetylated and re-chromatographed without 
obtaining the desired product. Finally, the combined non-
crystallizable oil was treated by refluxing in quinoline, 
followed by isolation, acetylation and chromatography 
exactly as described for decarboxylation in quinoline. 
All attempts to obtain crystalline keto-acetate were un-
successful. 
Infrared spectra of the keto-hydroxy compound 
(XLVI) obtained by dry decarboxylation and in quinoline 
show identical group frequency absorption at 2.87, 5.88 
and 6.05 microns, but there are differences in the finger-
print region. The likelihood that the differences in the 
spectra arise from contaminants must be admitted. Con-
clusions as to the nature of the compounds cannot be made, 
but it oan be said that since the same terminal methylene 
absorption was present for both compounds that they are 
not double bond isomers. Any explanation must take into 
account the fact that decarboxylation of diketocassenic 
acid (XLVII) by the two methods does not present this 
same problem. 
Infrared examination of the non-crystalline 
methanolic eluates from chromatograms of keto-acetate 
revealed that acetylated material, as well as hydroxyl 
material, seemed to be present with a non-terminal double 
bond. No absorption was present at 3.26 and 6.06 microns 
and the 11.15 micron band attributable to the terminal 
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double bond was weak. A new band appeared at 6.24 
microns which could represent a non-terminal double 
bond. It appears that some bond isomerization takes 
place on the column from the exo-oyolio terminal posi-
tion to some other position in the ring. No further 
work has been done to characterize this material or 
substantiate this speculation. 
J. Preparation of Diketooassenio Acid 
CASSAIC ACID 
XLII 
CHCOOH 
DIKETOCASSENIC ACID 
XLVII 
Diketooassenic acid (XLVII) was prepared according 
to the method of Dalma25 by chromic acid oxidation of 
oassaic acid (XLII). The yields were 70-80% and the ma-
terial was often pure enough to use without recrystalli-
zation. The physical constants were in good agreement 
with the reported values. The unusual features of the 
infrared spectrum are discussed in a later section. 
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It was found experimentally that if excessive 
amounts of oxidizing agent are used, the yield is con-
siderably reduced. 
K. Decarboxylation of Diketocassenic Acid 
DIKETOOASSENIO ACID 
XLVII XLVIII 
Decarboxylation of diketocassenic acid (XLVII) 
in quinoline afforded crystalline material 0y chromato-
graphy. This material, obtained in ~yield, melted 
at 119-120°, after recrystallization from acetone-water. 
This melting point should be compared to 111.5-113° for 
material obtained by decarboxylation with heat alone 
without quinoline and recrystallized from petroleum ether. 
When the two products were mixed, the melting point was 
not depressed (117-120°). Both compounds showed infrared 
spectra identical in every respect in both carbon 
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tetrachloride and nujol mulls. The possibility of isomers 
was considered but this does not seem likely in view of 
the melting point and spectral evidence. An explanation 
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of this melting point discrepancy may be polymorphic crystal 
modifications, particularly in view of the fact that dif-
ferent recrystallization solvents were used. This explana-
tion could easily be tested by recrystallization of both 
samples under identical conditions. 
The thermal decarboxylation is a superior method 
as the yields are better and the experimental manipulations 
are simpler. The yields of crystalline material obtained 
by dry decarboxylation were 64 to 84%. 
The crude material obtained from quinoline decar-
boxylation demonstrated a completely unexpected absorption 
peak at 2.84 microns attributable to hydroxyl. Material 
that was eluted from the chromatographic column after elu-
tion of the crystalline material (which showed no hydroxyl 
peak) also showed strong hydroxyl absorption at 2.87 or 
2.90 microns. An infrared absorption spectrum taken of an 
ether eluate was identical with that for quinoline decar-
boxylated cassaic acid. The diketocassenic acid used in 
the quinoline decarboxylation melted at 233-236° compared 
with 238-239° for analytically pure material. However, 
the infrared spectrum of this starting acid was identical 
with purer material. It is conceivable that the hydroxyl 
containing decarboxylated product may be due to the 
presence of cassaic acid as an impurity. The hydroxyl 
containing material amounted to 25% of the decarboxylated 
product. Further experimental work is indicated. 
L. Attempted Reactions of the Ketone Function with Methyl 
Grignard Reagent. 
HO 
HO 
CHCOOH 
CASSAIC ACID 
XLII 
CHCOOCHa 
+ CHYigi 
METHYL CASSAATE 
XLIV 
...CH CHCOOC~C~N l 
'Cf.ia 
62 
+ CH3Mgi 
product with carbonyl 
ACETYL CASSAINE 
XLV 
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+ CH~I product with carbonyl 
~(,0 
.A.CETn.ATED DECABBOXn.ATED 
CASSAIC .A.CID 
LIII 
The carbonyl of cassaic acid (XLII) failed to 
react with 8 moles of methyl magnesium iodide at reflux 
temperature in a 1:1 benzene-ether solution for 42 hours. 
The spectrum of the crystalline material (94%) isolated 
from the reaction mixture demonstrated the same functional 
frequencies in the infrared region as the starting material, 
and was assumed to be cassaic acid. 
The methyl ester of cassaic acid (XLIV) was re-
fluxed with 2.2 moles of methyl magnesium iodide for 1.25 
hours in 1:3 benzene-ether mixture. The ester (85%) re-
covered from the reaction mixture agreed in melting point 
and infrared spectrum with the starting material. 
A second reaction was conducted at room temperature 
with 2.3 moles of methyl magnesium bromide for 24 hours. 
The starting ester (91%) was again recovered unchanged, as 
evidenced by infrared. 
The ester grouping would certainly be expected 
to be reactive towards Grignard reagent under these con-
ditions. A Slight excess of two moles of Grignard re-
agent was used. One mole would be used by the hydroxyl 
active hydrogen. If the ketone enolized, as is suspected 
(see discussion, section VI) a second mole of Grignard 
reagent would be consumed. Assuming that some reagent 
would be hydrolyzed by traces of moisture, there would 
be little or no reagent to react with the ester. This 
theory could easily be tested by conducting a reaction 
with a larger excess of Grignard reagent. 
Acetyl-oassaine (XLV) was refluxed in a 1:4 
ether-benzene solution of 3 1/2 moles of methyl magnesium 
iodide for approximately 40 hours. The material from the 
reaction mixture was subjected to alkaline hydrolysis. 
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This treatment furnished 63% (by weight) of neutral material 
and 20% of acidic material. Both fractions demonstrated 
strong absorption at 5.88 microns attributed to the car-
bonyl, and were not further identified. Reaction at the 
ethanolamine ester position would account for neutral 
material. 
Acetylated decarboxylated cassaic acid (LIII) 
was combined with a ten molar excess of methyl magnesium 
iodide in a 1:1 benzene-ether solution and refluxed for 
20 hours. Infrared spectra of 
the presence of the carbonyl. 
the crude product showed 
Acetylation and chromatography 
produced no crystalline material. It is not possible to 
state that the carbonyl is completely unreactive under 
these conditions since starting material was not recovered. 
The carbo~l absorption band at 5.88 microns seemed less 
intense compared to the carbon-hydrogen absorption band 
observed for the starting material. However, it is dif-
ficult to draw definite conclusions from comparisons of 
the spectra as the starting material is a pure acetate 
and the product is crude hydroxyl material resulting from 
reaction of the acetate group with Grignard reagent. 
It was concluded from Grignard reactions on cassaic 
acid and three different derivatives that the carbonyl 
would not add a methyl group under conventional conditions. 
It may be possible to add the methyl group to the ketone 
of the decarboxylated acetate under forcing conditions in 
low yield. However, this method was abandoned in the hope 
of finding a more practical method of placing a methyl 
group at the carbonyl carbon. 
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M. Wittig Reaction with Decarboxylated Cassaic Acid. 
TRIPHENYLMETHYLPHOSPHONIUM 
BROMIDE 
XLIX 
~i 
> 
0 c~ 
LI 
L 
OH 
LII 
It has been possible to replace carbonyls with a 
methylene group in many compounds by use of triphenyl-
methylene phosphine (Wittig's reagent) (L), prepared by 
reaction of triphenylmethyl phosphonium bromide (XLIX) 
with a base. 56 >57 This reaction was tried on deoar-
boxylated cassaic acid. A reaction was oarried out con-
currently on testosterone (LI), as a model compound, 
under the exact same conditions with the same reagents. 
Methylene testosterone (LII) was isolated in yield and 
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with physical properties in agreement with those reported 
in the literature. It was not possible to isolate any 
material with no carbonyl absorption from the cassaic acid 
reaction by extensive chromatography. On this basis it 
was concluded that deoarboxylated cassaic acid will not 
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add a methylene group at the carbonyl position with Wittig's 
reagent. 
N. Methyllithium Reaction with Deoarboxylated Acetylated 
Cassaic Acid. 
CH~ 
LIII LIV 
Final1y, it was possible to place a methyl group 
at the carbonyl carbon of deoarboxylated cassaic acid by 
the use of methyllithium. A trial reaction of 28 mg. of 
pure decarboxylated aoetylated cassaic acid (LIII) with 
methyllithium produced materiai (LIV) with relatively 
little carbonyl absorption in the infrared. It was found 
that the dihydroxy compound (LIV) could be separated from 
unreacted carbonyl material by chromatography. However, 
the crystalline product proved to be contaminated with 
traces of carbonyl compound. At this stage of the in-
vestigation the amounts of material available were ex-
ceedingly small so it was decided to sacrifice purity 
for quantity and not recrystallize the material. Dif-
ficulty was not encountered in removing traces of 1,7,8-
trimethylphenanthrene from the tetramethylphenanthrene 
after dehydrogenation. (Traces of this trisubstituted 
phenanthrene could originate from unreacted carbonyl 
compound.) 
o. Selenium Dehydrogenation of 2,9-Dihydroxy-1,1.8.9,12-
pentamethYl-7-methyleneperhydrophenanthrene. 
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LIV 
1,7,8,9-TETRAMETHYLPHENANTHRENE 
LV 
The methyllithium adduct (LIV) was dehydrogenated 
with selenium at elevated temperature. In general, yields 
of unsaturated hydrocarbon from such dehydrogenations are 
often low, particularly when small amounts of material are 
used. Thus the small amount of phenanthrene obtained was 
not unexpected. Comparison of the physical properties of 
the purified phenanthrene and of two derivatives with 
corresponding synthetic materials clearly identified 
the hydrocarbon as 1,7,8,9-tetramethylphenanthrene (LV). 
This identification unambiguously established the loca-
tion of the original carbonyl at the 9-position of cassaic 
acid. 
P. Grignard Reaction with Decarbo;ylated Diketocassenic 
Acid. 
DE CARBOXYLATED 
DIKETOCASSENIC ACID 
XLVIII 
CH3Ygi -~-~) HO 
CH3 
LVI 
The reluctance of Grignard reagent to react with 
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the carbonyl group of decarboxylated cassaic acid suggested 
the possibility that the ketone produced by oxidation of the 
hydroxyl function of cassaic acid would preferentially react 
with the Grignard reagent so that removal of the original 
ketone would be unnecessary. Indeed, this was found to be 
the case. The crude reaction product, even when a large 
excess of Grignard reagent was used, showed strong hydroxyl 
absorption, as well as a carbonyl absorption at 5.88 
microns as intense as that in decarboxylated-aoetate 
(Fig. 21). This spectrum is in agreement with the 
reasonable assumption that very little, if any, of the 
carbonyl at the 9-position reacted with the methyl 
magnesium iodide. 
The crude product was chromatographed in an 
attempt to obtain crystalline material. Crystalline 
material, eluted with petroleum ether-benzene, 1:1, 
showed no hydroxyl absorption when an infrared spectrum 
was taken in carbon tetrachloride solution. However, 
this material showed a strong hydroxyl absorption in a 
mull or film. The concentrations of material in carbon 
tetrachloride may have been too dilute to show hydroxyl 
absorption. 
Crystalline material was obtained which was not 
sharp melting when recrystallized from acetone-water. 
Since this material was probably a mixture of isomers no 
further attempt was made to obtain pure material. The 
extent of reaction is not known since pure product was 
not isolated. Judging by the intensity of the hydroxyl 
infrared absorption band the yield was favorable. 
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~. Selenium Dehydrogenation of 2,9-Dihydroxy-1.1.2,8.12-
pentamethyl-7-methyleneperhydrophenanthrene.(LVII), 
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LVII 
1,2,7,8-TETRAMETHYLPHENANTHRENE 
LVIII 
Crude material (LVII) obtained from lithium aluminum 
hydride reduction of the methyl Grignard product LVI was 
dehydrogenated with selenium in the conventional manner. 
A phenanthrene LVIII was isolated in the expected low yield 
by chromatography of the 1,3,5-trinitrobenzene derivative. 
The complex was decomposed by passing a carbon tetrachloride 
solution of the s-trinitrobenzene derivative through an 
alumina column. The purified phenanthrene was identified 
as the 1,2,7,8-tetramethylphenanthrene by comparison with 
an authentic sample of synthetic material. The melting 
point, ultraviolet and infrared spectra and melting point 
of two derivatives were in agreement with the corresponding 
synthetic samples. 
The identification of this phenanthrene unambiguously 
establishes the location of the hydroxyl group at the 2-
position of cassaic acid since it has been already shown 
that the carbonyl is at the 9-position. 
R. Attempted Preparation of a Phenanthrol from Cassaic 
Acid. 
Several examples of formation of phenanthrols by 
dehydrogenation of diterpenes containing carbonyl groups 
have been reported in the literature55 (see Summary, 
Section A). Identification of the phenanthrol locates 
the position of an original oxygen function. 
Selenium, palladium on charcoal and sulfur were 
used as reaae~ta_ in an attempt to form a phenanthrol 
from oassaio acid. It was not possible to isolate any 
acidic material from the dehydrogenations. The failure 
to isolate hydroxyl containing material from the dehydro-
genated mixture was undoubtedly due to the small amount 
of starting material used. From the results in the 
literature, the yields are usually low, even when large 
amounts of starting material are used. 
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Notes on Experimental Procedures 
1. All infrared spectra were taken with a Perkin Elmer 
Model 12C Spectrophotometer with a sodium chloride 
prism unless otherwise noted. 
a. All melting points are uncorrected and were taken in 
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an open capillary by a Hershberg type melting point 
apparatus in a silicone oil bath unless otherwise noted. 
3. Ultraviolet spectra were taken on either a Beckman DU 
Manual or a Beckman DX-1 Automatic Spectrophotometer. 
4. Optical rotations were taken on a Winkel-Zeiss Polari-
meter using the light from a sodium lamp and a one 
decimeter tube that holds approximately 0.8 ml. of 
solution. Exceptions will be noted. 
5. Semi-microanalyses were done by Carol X. Fitz, 115 Lex-
ington Ave., Needham Heights 94, Massachusetts. Micro-
analyses were done by either stephen Nagy, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, or 
Schwarzkopf Microanalytical Laboratory, 56-19 37th. Ave., 
Woodside 77, New York. Active hydrogen determinations 
were done by either Stephen Nagy or by E. Meier, The 
Weizmann Institute of Science, Rehovoth, Israel. 
6. Chromatography solvents such as petroleum ether 
(30-60°), benzene and ether were routinely dried 
over sodium wire. 
Desiccators were charged with Drierite or calcium 
chloride and paraffin wax. 
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V. EXPERIJIENTAL PROCEDURES 
A. Isolation of the Total Bases from E. Guineense Bark. 53 
The bark was obtained from the tree Erythrophleum 
guineense in Sierra Leone, Africa, through s. B. Penick Co., 
New York and was finely ground. The powdered bark, 2.0 kg., 
was intimately mixed with 2 litera of 10% ammonium hydroxide 
solution. During this mixing the bark became warm, dark 
brown in color and caused violent sneezing. The moistened 
bark was placed in a cheese cloth bag which was suspended 
in ether in a 5 gallon stone-ware container for 48 hours 
at room temperature. The suspended bag was agitated 
several times during this period. Enough ether was used 
to cover the bag and with proper covering very little ether 
evaporated. This extraction was followed b.Y one rinse by 
suspending the bag in fresh ether for 4 hours. 
The ether from this extraction was concentrated to 
approximately 500 ml. under reduced pressure furnished by 
a water aspirator with just enough heat from a steam bath 
to permit continuous distillation. The temperature of the 
ether was probably never much above room temperature. The 
concentrated ether was extracted with three 50-100 m1. 
portions of 2N hydrochloric acid solution. The aqueous 
acid layers were combined, cooled in an ice bath and 
gradually rendered strongly basic with 10% potassium hy-
droxide solution. The solution became cloudy and a yellow 
semi-solid material precipitated out of solution. 
The basic solution was extracted three times 
with 100 ml. portions of ether. The combined ether 
extracts were washed twice with 25 ml. of distilled 
water. After drying over anhydrous sodium sulfate and 
filtering, the ether was distilled under reduced pressure. 
When the yellow oily residue was dried in a vacuum desic-
cator over potassium hydroxide a powdery glassy solid 
formed, which was very pale yellow in color. The weight 
of the total bases obtained was 6.00 g., or 0.30% of the 
weight of the bark. 
B. Isolation of Cassaine Biaulfate.53 
A total of 19.35 g. of total bases, isolated as 
described above, was dissolved in 25 ml. of acetone. A 
10% solution of sulfuric acid in acetone, prepared im-
mediately before use, was added to the acetone solution 
of the total bases until the solution was just acid to 
Congo red. 
The dark amber solution was allowed to cool in 
the refrigerator for several hours. The resulting mixture 
was filtered by suction with some difficulty as the fil-
trate was viscous. The precipitate was rinsed several 
times with cold acetone. The white, amorphous solid was 
dried over potassium hydroxide and concentrated sulfuric 
acid in a vacuum desiccator. The dried product weighed 
3.20 g. (17% of the total bases). 
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This fraction, dissolved in approximately 75 ml. 
of hot methanol, was filtered through glass wool and al-
lowed to cool. The white crystals that formed were col-
lected by suction filtration and washed with a few drops 
of cold methanol. The solid, dried in the air, weighed 
1.32 g. A melting point taken in a sealed capillary 
evacuated to approximately 3 mm. was observed to be 
305-306° (sharp, with decomposition), with slight dis-
coloration before melting. The literature53 gives a 
value of 290° with decomposition under high vacuum. 
This same material was found to melt at 292-293° (dec.) 
in an open capillary. The optical rotation for this 
material was observed to be ~~4 -as ±2° (1% in O.lN 
sulfuric acid); (the literature reports ~3 -95° ±2°, 
1% in O.lN sulfuric acid.53). 
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c. Isolation of Cassaine. 
Method A.. 
Cassaine bisulfate, 1.30 g. (m.p. 305-306°, dec.) 
was dissolved in approximately 350 ml. of water with 
slight warming. This solution was cooled in an ice bath 
and made basic with a few milliliters of 10% potassium 
hydroxide. The milky white suspension was extracted three 
times with a total of 350 ml. of ether. The ether extracts 
were combined, washed three times with 20 ml. portions of 
10% potassium hydroxide and once with distilled water. The 
ether was dried over anhydrous sodium sulfate, filtered 
and distilled to a volume of approximately 75 ml. The 
solution was allowed to stand over-night at -4°. White 
platelets of oaaaaine formed which were collected by 
auction filtration and dried in the air. The caasaine 
obtained weighed 0.65 g. and melted at 139.5-140°. A 
second concentration of the ether yielded 0.14 g, of 
material which melted at 138.5-139°, a third concentration 
yielded 0.05 g. which melted at 138.5-140° and a fourth 
concentration yielded 0.04 g. of material which melted at 
132.5-134.5°. The combined crops of oasaaine weighed 
0.88 g. (88% yield). When the remaining ether was evap-
orated to dryness, a residue (0.07 g.) which melted at 
122-128°, remained. The optical rotation of caasaine was 
found to be ~;a -101° ±2° (1.5% in abe. EtOH), wavelength. 
maximum (abe. EtOH) 222 millimicrons, logE 4.23, 3.74 x 
10-5 molar (Fig. 1), wavelength maxima (mull) 3.18, 5.82, 
25 5.88, 6.08 microns (Fig. 8). The literature reports the 
following constants: m.p. 142.5° (recrystallized from 
ether); ~E3 -110.5 ±2° (1~ in 95% alcohol), ~~O -103° ±2° 
(1% abe. EtOH); wavelength maximum (ale.) 223 millimicrons, 
log£ 4.26. 
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Method B. 
One gram of cassaine bisulfate (received from the 
Warner-Chilcott Laboratories, m.p. 300° taken in a block 
in a capillary open to the air, turned brown at 290°), 
was dissolved in 350 ml. of water with warming. Some 
yellow, insolubie material (0,08 g.) was removed by fil-
tration. The clear, aqueous solution was cooled in an 
ice bath and made basic with a few drops of 10% sodium 
hydroxide solution. The fine, white precipitate was col-
lected on a sintered glass funnel after the mixture had 
been allowed to stand in the cold overnight. After drying 
in an evacuated desiccator over calcium chloride the 
solid weighed 0.91 g. and melted at 136-138°. Crystalli-
zation of the material from ca. 75 ml. of ether yielded 
0.63 g. (85%) of cassaine, m.p. 139-140°. 
D. Acid ijYdrolysis of Cassaine to Cassaic Acid. 
Cassaine (0.76 g., m.p. 139.5-140°) was refluxed 
in 35 ml. of lN hydrochlorire acid on a steam bath for 
4 hours. The mixture was allowed to stand at room tem-
perature overnight. The yellowish, crystalline material 
was collected by filtration, washed with cold distilled 
water and dried in a vacuum desiccator over Drierite. 
The dried cassaic acid weighed 0.51 g. and melted at 
204.5-209.5° (literature25 m.p. 203° after recrystalliza-
tion once from ether and once from acetone-water). An 
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additional 0.03 g. of oassaio acid was obtained from 
concentration of the filtrate (86% yield). After two 
reorystallizations from acetone-water oassaio acid 
melted at 205.5-207°, ~~O -120° (l"fo in 951<> ethanol). 
Calc. for C2oH30o4: C, 71.82; H, 9.04 Found 71.7 ; 9.0. 
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wavelength maximum (abs. EtOH) 219 millimicrons, log~ 
4.1 (2.98 x 10-5 molar) (Fig. 2); wavelength maxima 
(mull) 2.85, 5.85, 5.97, 6.13 microns (Fig. 10). 
The literature25 values are: m.p. 203°, ~~O -126.3° 
(1% in absolute ethanol), wavelength maximum (ale.) 
215 millimicrons, loge 4.3. 
E. Acid HydrolYsis of Cassaine Bisulfate. 
Cassaine bisulfate, 1.02 g. (received from Warner 
Chilcott Lab:>ratories, m.p. 300° dec.) was warmed briefly 
on a steam bath with 45 ml. of IN hydrochloric acid. Some 
insoluble waxy material was removed by filtration and the 
clear aqueous solution was heated on a steam bath for 4 
hours. After standing in the cold overnight, the crystal-
line cassaic acid was removed by suction filtration, washed 
with water and dried over calcium chloride. The product 
weighed 0.45 g. (79%), m.p. 204-206.5°. The aqueous fil-
trate was extracted with ether but no crystallizable ma-
terial was recovered. 
F. Alkaline Hydrolysis of Oassaine. 
Oassaine, 0.2 .g. (m.p. 138-139.5°) was disaol""fed · 
in 5 ml. of 95% ethanol containing 1 ml. of lN potassium 
hydroxide solution. Reflux on a steam bath was continued 
for 0.5 hour, at which time the colorless solution was 
cooled in an ice bath. After acidifying with lN hydro-
chloric acid solution and diluting with water, the solu-
tion was allowed to stand in the cold overnight. The 
white crystalline material was collected by suction fil-
tration, washed with cold water and dried in the air. 
The product weighed 117 mg. (71%) and melted at 206.5-
208.50 (sinter at 206°). A mixed melting point with 
cassaic acid (m.p. 206-207.5°) showed no depression, 
m.p. 206-208°. Infrared absorption peaks at 2.82, 5.85, 
5.97 and 6.12 microns are identical with cassaic acid. 
A second hydrolysis was carried out with 75 mg. 
of cassaine dissolved in 2 ml. of 95% ethanol and 0.5 ml. 
of lN potassium hydroxide solution. This mixture was 
refluxed on a steam bath for 18 hours. 
After cooling in an ice bath and acidifying with 
2N hydrochloric acid the solution was diluted with about 
15 ml. of water and allowed to stand in the cold. The 
precipitate was collected by filtration, washed with water 
and dried over calcium chloride. The product, assumed to 
be cassaic acid, melted at 202.5-206° and weighed 50 mg. 
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(81%). Infrared absorption bands were present at 2.85, 
5.84, 5.97 and 6.12 microns. 
G. Attempted Reactions of the Ketone Function with Methyl 
Grignard Reagent. 
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All of the following Grignard reactions were carried 
out in a three-necked flask assembled with a condenser and 
drying tube, a nitrogen inlet and a magnetic stirrer. 
Glassware was dried several hours in an oven at 120• and 
cooled in a desiccator. The nitrogen was passed through 
four towers containing an alkaline solution of phloro-
glucinol, concentrated sulfuric acid, calcium chloride 
and asoarite. Heating was provided by steam passing through 
a coil of rubber tubing which surrounded the lower part of 
the reaction flask. Sublimed magnesium was used and always 
dried by flaming under an atmosphere of nitrogen. Eastman 
Kodak "White Label" methyl iodide was dried over calcium 
chloride or Drierite. The ether and benzene used were 
dried over sodium and distilled from lithium aluminum hy-
dride. The quantity of washing solution is usually a volume 
approximately equal to that of the organic layer. 
1. Grignard Reaction with Cassaic Acid. 
The Grignard solution was prepared in the reaction 
flask with 72 mg. of magnesium (2.98 mmoles) and 0.2 ml. 
(slight excess) of methyl iodide in dry ether. The Grignard 
solution was practically clear. Cassaic acid, 121 mg. 
(0.361 mmole), m.p. 210-211°, dissolved in 15 ml. of 
dry benzene (solution cloudy), was added to the Grignard 
solution with stirring. The total volume was ~· 30 ml. 
and the solution was cloudy but no heavy precipitate was 
present. The mixture was gently refluxed with stirring 
for 42 hours. 
The Grignard complex was decomposed with saturated 
ammonium chloride solution and the aqueous solution (volume 
approximately equal to the organic layer) made just acid 
with 2N hydrochloric acid. The organic layer was separated 
and distilled which process left 114 mg. of dark brown 
crystalline material. This material showed the same func-
tionality by infrared spectrum as the starting material, 
wavelength maxima (mull) 2.86, 5.85, 5.97 and 6.12 microns. 
It was assumed that reaction did not take place with the 
carbonyl on the basis of carbonyl absorption intensity of 
the recovered product. 
2. Grignard Reaction with Methyl Casaaate. 
a. Preparation of Caasaic Acid Methyl Eater. 
The methyl eater of cassaic acid was prepared by 
refluxing 205 mg. of cassaic acid in 10 ml. of methanol 
with 8 drops of concentrated sulfuric acid on a steam 
bath for 0.5 hour. The solution was cooled and diluted 
with 100 ml. of ether. The ether solution was washed 
with water followed by 5% aqueous sodium bicarbonate 
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solution and then washed again with water. The ether 
was dried over anhydrous sodium sulfate, filtered and 
distilled. The white crystalline residue was recrystal-
lized from methanol-water. This recrystallization yield-
ed 0.138 g. (64% yield) of methyl cassaate which melted 
at 183-184.5° (sinter at 180°). The literature25 reports 
189-190°, corrected. Wavelength maxima (mull) 2.86, 5.81 
5. 88, 6.06 microns (Fig. 12). Wavelength maximum ( abs. 
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EtOH) 223 millimicrons, log € 4.24 (2.73 x 10-5 moles/liter). 
b. Grignard Reaction with Methyl Cassaate. fl 
The methyl ester of cassaic acid, 103 mg. (0.30 m-
mole), m.p. 183-184.5° was dissolved in 10 ml. of ether 
and 5 ml. of benzene in a three-necked flask. The Grig-
nard reagent was made directly in a dropping funnel by 
using 16 mg. of magnesium (0.64 111mole) and a few drops 
of methyl iodide in approximately 5 ml. of dry ether. 
The magnesium completely dissolved with the aid of heat 
and the solution was slightly cloudy. The Grignard re-
agent was added dropwise to the ester solution with stir-
ring at room temperature and the stirring was continued 
for 1. 25 hours. 
The Grignard complex was decomposed with 10 ml. 
of 5% cold sulfuric acid and the organic layer was sepa-
rated and washed with water, 5% sodium carbonate, twice 
with water, and once with saturated sodium chloride, 
filtered through sodium sulfate and distilled. The 
residue consisted of light brown crystalline material. 
An infrared spectrum showed functionality bands identi-
cal with the starting ester at 2.86, 5.81, 5.88 and 
6.06 microns. After recrystallization from methanol-
water, 68 mg. of starting material, m.p. 178-180° was 
recovered. An additional 22 mg. was recovered from the 
filtrate. 
c. Grignard Reaction with Yetayl Cassaate. f2. 
The Grignard reagent was prepared from a commer-
cial preparation (Arapahoe Chemicals) of methylmagnesium 
bromide. Approximately 1 ml. of a 3 molar ethereal 
methylmagnesium bromide solution was added to 100 ml. of 
dry ether. Insoluble hydroxides formed and settled to 
the bottom of the flask. Ten milliliters of the cloudy 
supernatant liquid was added to 10 ml. of O.lON sulfuric 
acid in 15 ml. of water and heated at £!· 60° for fifteen 
minutes. This acid solution was then titrated with 
O.ll82N sodium hydroxide solution using phenolphthalein 
as an indicator. Titration showed that 10 ml. of dilute 
solution was equivalent to 0.407 milliequivalents of 
Grignard reagent. 
Methyl cassaate, 99 mg. (0.281 mmole), was dis-
solved in£!· 5 ml. of dry ether and 15.7 ml. (0.64 m.eq.). 
of the above Grignard reagent solution was injected into 
the flask through a rubber stopper with a syringe and 
needle while the container was being swept out with dry 
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nitrogen. A white precipitate immediately formed but 
did not appear flocCUlent as do hydroxides. 
The reaction mixture was stirred magnetically 
at room temperature for 24 hours and was then decomposed 
with cold 5% sulfuric acid solution. The ether was 
washed as follows: once with water, once with 5% sodium 
carbonate solution, twice with water and once with satu-
rated sodium chloride solution. The ether was then fil-
tered through sodium sulfate and distilled. The crystal-
line material recovered weighed 90 mg. and had an infrared 
spectrum with absorption peaks at 2.88, 5.81, 5.88, and 
6.07 microns which is identical with the starting ester. 
3. Grignard Reaction with Acetylated Oassaine 
a. Acetylation of Oassaine. 25 
Cassaine, 137 mg. (m.p. 139-140°), was dissolved 
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in 2 ml. of dry benzene and 1 ml. of acetic anhydride, 
purified by distilling from fused sodium acetate, and refluxed 
on a steam bath for 6 hours. The benzene and excess acetic 
anhydride were evaporated on a steam bath under a vacuum 
furnished by a water aspirator. The brown crystalline resi-
due still contained traces of acetic anhydride. Recrystal-
lization from ether-petroleum ether yielded 134 mg. of 
amorphous material, m.p. 106-114°. After a second recrys-
tallization from petroleum ether the weight of acetate was 
102 mg. (68%), m.p. 120-121° (literature25 123-124°, cor-
rected). The following bands were present in an infrared 
spectrum: 5.78, 5.82, 5.88, 6.06 microns (mull), (Fig. 
13) which have been assigned to the acetate carbonyl, 
ethanolamine ester carbonyl, ketone and double bond, 
respectively. 
b. Grignard Reaction with Acetylated Cassaine. 
The Grignard reagent was made with 27.3 mg. {1.12 
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mmoles) of magnesium and 0.1 ml. of methyl iodide in 10 ml. 
of dry ether. The Grignard solution was clear. Cassaine 
acetate,l49 mg. {m.p. 120-121°, 0.321 mmole), was dissolved 
in 10 ml. of dry benzene and added to the Grignard solution, 
which immediately deposited a heavy white precipitate. 
Benzene was added to make the total volume ca. 40 ml. and 
the solution was allowed to reflux overnight. Considerable 
solvent was lost during the night, so more dry benzene was 
added and the reaction continued at reflux temperature 
for 24 hours. The orange colored reaction mixture was 
cooled and decomposed with saturated ammonium chloride. 
The organic layer was separated and the aqueous layer ex-
tracted with ether. The combined organic layers were 
washed, dried and distilled. The liquid residue showed 
infrared absorption bands at 5.76, 5.82, 5.87 and 6.04 
microns with very weak absorption at 2.90 microns (film). 
These maxima are very similar to those of the starting 
material except that the 5.82 and 6.04 micron bands were 
weaker. The band at 5.87 microns, attributed to the ketone, 
was strong. The residue was dried in vacuum to a brown 
gum and weighed 140 mg. 
The above gum was refl uxed in 10 ml. of ethanol, 
10 ml. of water and 0.15 g. of sodium hydroxide on a 
steam bath for four hours. The non-acidic ether soluble 
material weighed 88 mg., wavelength maxima (film) 2.87 
(broad), 5.88, 6.04 microns. The acidified hydrolysis 
solution was extracted with ether and yielded 27 mg. of 
a semi-solid oil. The infrared was poorly defined but 
had the following peaks: wavelength maxima (film) 2.90, 
5.88, 5.92 (sl. sh.) and 6.06 microns. The infrared 
spectra seemed to indicate that some of the material 
reacted at ethanolamine ester position but not at the 
carbonyl. 
4. Decarboxylation of Cassaic Acid. 
a. Decarboxylation of Cassaic Acid in Quinoline. 
Cassaic acid, 195 mg. (m.p. 204-206.5°), was added 
to 2 ml. of quinoline (Eastman Kodak''White Labei, distilled 
from zinc dust) and refluxed in a wood's metal bath, 
240 ±5°, under a nitrogen atmosphere for 7 hours. The 
solution was diluted with 25 ml. of ether after standing 
in the cold overnight. This ether solution was washed 
three times with 15 ml. portions of 2N hydrochloric acid, 
once with water, twice with 10 ml. portions of lof, sodium 
hydroxide, twioe with water and finally with saturated 
sodium chloride solution. After filtering through an-
hydrous sodium sulfate the ether was evaporated on a 
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steam bath. The yellow gum weighed 146 mg. (86%) after 
drying in an evacuated desiccator over calcium chloride. 
Infrared spectra of crude decarboxylated cassaic 
acid demonstrated absorption peaks at 2.86, 5.87, and 
6.04 microns, assigned to the hydroxyl, carbonyl, and 
terminal double bond, respectively. 
b. Acetylation of Deoarboxylated Cassaic Acid. 
The crude decarboxylated product (146 mg.) was 
dissolved in 4 ml. of freshly distilled benzene and 1 m1. 
of acetic anhydride (distilled from fused sodium acetate) 
and heated on a steam bath for 20 hours. 
The benzene and excess acetic anhydride were dis-
tilled on a steam bath under a vacuum furnished by a water 
aspirator. After drying the residue over calcium chloride 
in an evacuated desiccator the tan, amorphous solid weighed 
145 mg. Crystallization from methanol-water was not suc-
cessful so the decarboxylated acetate was dissolved in a 
1:1 mixture of petroleum ether (30-60°) and benzene and 
chromatographed on 0.75 gm. of Merck acid washed alumina 
in a 1 em. column. Approximately 8 ml. fractions were 
collected. 
Fraction weight Solvent Comment 
1 114.7 mg. pet ether-benzene crystalline 
(30-60°) 1:1 " 2 e.o " " n 3 1.7 n n glassy film 
4 0.8 n n 
" 
n 
5 o.o • n 
6 o.o • n 
7 16.1 ether yellow glass 
89 
Fractions 1 and 2, 113 mg. (77%) were combined and re-
crystallized from methanol-water. The recrystallized 
material melted at 116-117.5° and weighed 83 mg. After 
a third recrystallization from acetone-water, the decar-
boxylated acetate melted at 123-124.5° and after a fourth 
recrystallization a sample was dried for 48 hours in an 
evacuated pistol at 100° and melted at 123-124°. 
Calc. for c21H32o3 : C, 75.86; H, 9.70. 
Found: 75.90 9.70. 
An active hydrogen determination was done on 
2.17 mg. of this material after drying at 56° over phos-
phorous pentoxide for 72 hours. The value found was 
0.14% of active hydrogen determined by the Zerewitinoff 
method in anisole at 0°. The volume of methane did not 
increase when the temperature was raised to 100°. The 
calculated value for one active hydrogen is 0.3Q%. Active 
hydrogen determined with lithium aluminum hydride in either 
N-methylmorpholine or n-butyl ether was reported as 0.24%. 
Other physical properties are: ~~5 -30 +0.5° 
(0.19% in absolute ethanol); wavelength maxima (abe. EtOH) 
no maxima between 210-320 millimicrons at 4.03 x 10-5 
moles/liter; wavelength maxima (mull) 5.80, 5.88, 6.06 (w), 
11.14 microns (Fig. 15). A weak absorption band at 3.26 
microns indicates a terminal methylene carbon to hydrogen 
bond. 
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c. Thermal Decarboxylation of Cassaic Acid. 
Cassaic acid, 100 mg., was heated under an atmos-
phere of nitrogen in a Wood's metal bath at 250 ±3° for 
one hour at which time bubbling seemed to cease. (A 
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small amount of crystalline material accumulated on the 
condenser). An infrared spectrum of the crude decarboxy-
lated material showed the same functionality as that of 
material previously decarboxylated in quinoline; however, 
slight differences were present in the fingerprint region. 
The product was dissolved in methanol-water but resisted 
crystallization. The crude residue was dissolved in ben-
zene and put on 3.0 g. of alumina in an 8 mm. column (i.d.), 
height, 7 em., (approximately 7-8 ml. fractions were col-
lected). 
Fraction Weight 
1 46.0 mg. 
2 o.o 
3 o.o 
4 1.9 
5 30.6 
6 17.1 
7 5.6 
8 2.0 
9 1.0 
10 0.4 
11 1.7 
12 1.4 
13 7.8 
14 1.5 
Total 71.0 mg. 
Solvent 
benzene 
n 
n 
n 
benzene-ether 
1~1 
n 
• 
n 
H 
chloroform 
n 
" 
" (minus Fr. fl.) 
Comment 
oil 
11 glassy" solid 
• " a 
" n n 
• n 
n n 
" 
n 
" " 
" " 
All attempts to obtain crystalline material from the above 
fractions were unsuccessful. It is difficult to compare 
this decarboxylation product with that obtained from quinoline 
decarboxylation as both are non-crystalline materials. 
The infrared spectra are the same except for three bands. 
A band at 9.08 microns is absent in the thermal material 
and bands at 8.22 and 13.22 microns are absent in the 
quinoline decarboxylated material. 
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Acetylation of ThermallY Decarboxylated Cassaic Acid: 
Cassaic acid, 394 mg. (m.p. 202-206°) was heated 
in an atmosphere of nitrogen in a Wood 1 s metal bath main-
tained at 254 ±5° for 1.25 hours. This material was then 
acetylated by heating in 5 ml. of dry benzene with 2 ml. of 
acetic anhydride on a steam bath for 20 hours. The benzene 
and acetic anhydride were distilled in vacuo and the resi-
due dried in an evacuated desiccator. This dried product 
was dissolved in benzene-petroleum ether (30-60°), 1:1, and 
chromatographed on a column of 7 g. of Merck acid washed 
alumina, 13 mm. x 5.5 om. (Seven to eight milliliters 
fractions were collected.) 
Fraction Weight Solvent Comment 
1 0.5 mg. Benzene:pet.ether 
1:1 
a 10.7 
" " 
crystalline 
3 60.3 " " dried "glass" 4 18.4 " " solid !1-reilin" 5 12.0 
" " 
film 
6 7.6 
" " " 7 6.5 
" " " 8 65.6 ether yellow, dried glass 
9 42.0 n 
" " " 10 9.2 " oil 11 3.3 
12 58.2 methanol yellow solid 
13 10.2 
" tan solid 
Total 304.0 mg. 
None of the above fractions (except Fr. #2) would 
crystallize, in the usual manner even with seeding with 
crystalline keto-acetate. All fractions except 12 and 13 
were recombined and reacetylated with 2 ml. of purified 
acetic anhydride in 4 ml. of dry benzene. This mixture 
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was refluxed on a steam bath for 24 hours. After evapora-
tion of the solvents and drying the residue the product was 
again chromatographed on 2 grams of Merck acid washed alumina, 
8 mm. x 4 om. column. No crystalline material was obtained. 
An infrared spectrum showed the usual ketone and ester ab-
sorption bands with a slight hydroxyl absorption. The ma-
terial was again ohromatographed but no crystalline material 
was obtained. 
All the material was recombined, including fractions 
12 and 13 from the first chromatography. This material was 
heated in quinoline for S hours and treated exactly as pre-
vious decarboxylations of oassaio acid in quinoline, follow-
ed ~ acetylation in the •sual manner. Still, chromatography 
yielded no crystalline material. Infrared spectra of crude 
films of acetylated material from thermal and quinoline 
decarboxylations are not identical. 
5. Grignard Reaction with Acetylated Deoarboxylated 
Cassaic Acid. 
A slightly cloudy ethereal solution of the Grignard 
reagent was made with 33 mg. (1.37 mmolea) of magnesium and 
0.1 ml. of methyl iodide in approximately 5 ml. of ether. 
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The acetate, 46 mg. (0.137 mmcle) was dissolved in 7 ml. 
of dry benzene and added to the Grignard solution. The 
solution became more cloudy but did not form a heavy pre-
cipitate as in previous experiments. Approximately 8-10 ml. 
of benzene was added and an approximately equal amount of 
ether was distilled into the reaction flask. The stirred 
solution was refluxed for 20 hours. The yellow mixture, 
which contained a precipitate, was cooled and saturated 
aqueous ammonium chloride solution was added. The layers 
were separated. The aqueous layer was extracted with ether 
and the combined organic layers were washed twice with 
O.lN sodium thiosulfate solution which removed the color, 
with water and finally with saturated sodium chloride solu-
tion. Drying and distilling the ether left a brown oily 
residue which showed infrared maxima at 2.89, 5.88 and 
6.04 microns. This material was re-acetylated in the same 
manner as described for decarboxylated cassaic acid and 
chromatographed. Examination of the fractions revealed 
no crystalline material. 
H. Wittig Reaction with Decarboxylated Cassaic Acid. 56 
Preparation of Triphenylmethylphosphonium Bromide75 
Ten grams (0.036 mole) of triphenylphosphine 
(Eastman Kodak, "White Label," used as received) was 
dissolved in 20 m1. of benzene (dried over calcium 
chloride) and cooled in an ice-salt bath at -8°. Methyl 
bromide was condensed in a graduate from a lecture tank 
and three milliliters (5.2 g., 0.055 mole) was added to 
the cooled triphenylphosphine solution. The flask was 
closed with a wired rubber stopper and allowed to stand 
at room temperature overnight. 
The white, crystalline precipitate was collected 
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by suction filtration and washed with cold benzene. After 
drying in an evacuated desiccator the triphenylmethyl phos-
phonium bromide weighed 12.74 g. (90%) and melted at 226-
2280. The literature75 reports a melting point of 227-229°. 
This salt is stable when stored in the cold for several 
months. 
58 Preparation of £-Butyllithium. 
+ LiBr 
All equipment was dried in an oven at 120°, as-
sembled while warm and protected with a calcium chloride 
drying tube. A 300-ml., three-necked flask was equipped 
with a dropping funnel, nitrogen inlet, thermometer and 
a magnetic stirring bar. The system was thoroughly flushed 
with dry nitrogen. Lithium wire, 0.86 g. (0.125 gram atoms) 
was washed in petroleum ether to remove the protective 
coating (probably vaseline) and out into small pieces 
under an atmosphere of nitrogen. This was added to 
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40 ml. of anhydrous ether in the reaction flask. £-Butyl 
bromide (Eastman Kodak, "White Label," dried over ca~oium 
chloride), 6.85 g. (0.050 mole, 5.3 ml.) was added to 25 ml. 
of anhydrous ether in a dropping funnel. A few drops of 
this butyl bromide solution was added to the lithium wire. 
Reaction began to take place as evidenced by the shiny ap-
pearance of the lithium metal. 
The mixture was cooled to -30 to -10° and the £-
butyl bromide solution was added dropwise over a one-half 
hour period with stirring. The reaction mixture was then 
allowed to warm to ice-bath temperature and stirring was 
continued for 1.5 hours. 
Standardization: 
Three milliliters of the ethereal butyllithium so-
lution was added to 10 ml. of water. The aqueous mixture 
required 27.99 ml. of O.lON sulfuric acid for neutraliza-
tion, using phenolphthalein as an indicator. 
A second 3 ml. portion of the butyllithium solution 
was added to 1 ml. of benzyl chloride in 10 ml. of anhy-
drous ether and allowed to stand for 1 minute. Ten milli-
liters of water was added and the mixture titrated as before. 
This titration determines the amount of alkali compounds 
present other than butyllithium. This solution required 
4.59 ml. of O.lON sulfuric acid for neutralization. The 
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amount of butyllithium that reacted with the benzyl chloride 
is therefore equivalent to 23.40 m1. of O.lON sulfuric acid. 
Accordingly, there are 0.780 mmole of butyllithium per mil-
liliter of solution. 
Wittig Reaction with Decarboxylated Cassaic Acid. 56 
Cassaic acid was decarboxylated by heating in an 
atmosphere of nitrogen at 250-3° for one hour. The product 
was not crystallized but used as a dry glass which melted 
at 78-88° (sintering at 72°). The infrared spectrum showed 
group frequency absorption peaks.identical with material 
decarboxylated in quinoline, wavelength maxima (film) 2.87, 
5.87, 6.04 microns (see Discussion, Part 4). Two re-
actions were carried out concurrently, one with 72 mg., 
0.246 mmole, of deoarboxylated cassaic acid and one with 
71 mg., 0.246 mmole, of testosterone. Each of two three-
necked flasks ·was provided with a condenser, magnetic 
stirring bar and nitrogen inlet (all equipment was dried 
in the oven several days and cooled in a desiccator). The 
phosphonium salt (581 mgm., 1.63 mmoles (6 molar excess 
plus 10%)) was added to each flask and these were then 
flushed out with dry nitrogen, free of oxygen and carbon 
dioxide. Ether was distilled directly into each flask 
from lithium aluminum hydride. The butyllithium, 1.9 ml., 
1.48 mmoles (6 molar excess) was added from a graduated 
pipet to each reaction flask. After stirring for two hours 
at room temperature, Gilman's testa was faintly green for 
both flasks. 
The deoarboxylated oassaio acid was dissolved in 
about 5 ml. of dry ether and added to the triphenylmethy-
lenephosphine solution from a dropper. The heavy suspen-
sion was stirred for one hour and then allowed to stand 
in the stoppered flask at room temperature overnight. The 
testosterone was treated the same way concurrently. 
The ether was distilled from the reaction mixtures 
while being replaced by tetrahydrofuran distilled from 
lithium aluminum hydride after standing over sodium hy-
droxide. The final temperature of the distillate was 60°. 
The testosterone mixture was refluxed for 6 hours and the 
oassaio acid mixture for 8 hours. 
The solutions were cooled, diluted in ether and 
water was added. After separating the organic layer the 
aqueous layer was again extracted with ether. The com-
bined organic layers were washed several times with water, 
with saturated sodium chloride, dried over sodium sulfate, 
filtered and distilled. 
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a Gilman's Test59 : The solution to be tested (1 ml.) is 
treated with an equal volume of 1% solution of Michler's 
ketone in dry benzene. EYdrolysis with water, followed 
by the addition of several drops of 0.~ solution of iodine 
in glacial acetic acid develops characteristic greenish-
blue color when organometallic reagent is present. 
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The crude testosterone residue was dissolved in 
petroleum ether-benzene, 1:1, and chromatographed on 7 g. 
of Fisher alumina in a 15 mm. (i.d.) column (height of 
alumina column, 6.5 em.). (Ca. 7-8 ml. fractions were 
collected.) 
Fraction Weight Solvent Comment 
1 24.6 mg. pet.ether:benzene 
1:1 
yellow grease 
2 4.3 
" " 
oily film 
3 0.8 n n n " 4 0.7 benzene n n 
5 7.3 n white crystalline 
6 16.3 
" 
n 
" 7 14.9 " " n 8 12.1 
" 
n n 
9 7.5 " less crystalline 10 7.0 n white crystals 
ll 5.7 n 
" " 12 4.0 " n " 13 4.5 " n " 14 4.9 n " n 
Fract. #5: wavelength maxima (mull) 3.10, 6.10, 11.35 microns. 
All fractions were dried in an evacuated desiccator overnight 
before weighing. Infrared spectra showed fractions 5-8 to be 
the testosterone methylene compound expected with some con-
tamination in fraction 8 by phenyl phosphorus compounds. 
Fraction 9 seemed to be mostly phosphorus compounds with a 
trace of methylene peaks. The phosphorus compounds have not 
been characterized, but a strong, sharp peak at 6.95 microns 
plus other fingerprint region peaks easily establishes the 
presence of these compounds. Fractions 5-8 combined weighed 
50.6 mg., 71% yield of crude product. After two recrystal-
lizations from methanol, a sample melted at 133.5-136°. 
56 (Literature m.p. 137-138°, wavelength maxima 6.10, 
11.34 microns.) 
An infrared film of the crude cassaic acid product 
showed a strong carbonyl absorption at 5.87 microns as in 
the starting material even though diluted with phosphorus 
compounds. This product was dissolved in petroleum ether-
benzene, 1:1, and ohromatographed on 7.0 g. of Fisher alu-
mina in a 15 mm. (i.4.) column, height 5.5 om. Fractions 
were collected in 7-8 ml. volumes. 
Fraction Weight Solvent CollDDent 
100 
1 2.6 mg. 
2 24.3 
3 0.9 
pet.ether-benzene 
1:1 
n 
" 
H 
n 
slight white solid 
yellow grease 
very slight oil 
4 o.o 
5 o.o 
6 0.0 
7 o.o 
8 o.o 
9 o.o 
10 3.8 
11 8.3 
12 8.3 
13 7.3 
14 6.9 
15 5.4 
16 6.1 
17 5.8 
18 5.5 
19 5.3 
20 4.5 
21 3.1 
22 11.0 
23 8.8 
24 4.4 
25 2.9 
26 3.2 
27 6.8 
(20 ml.) 
28 4.0 
29 12.2 
30 36.6 
31 
32 o.o 
n n 
benzene 
" 
• 
n 
• 
benzene:ether 
19•1 
benzene ether 
1.1 
ft 
• 
n 
ether 
• 
n 
chloroform 
n 
" 
• 
crystalline 
n 
white, 
" 
slight 
H 
n 
" H 
H 
H 
n 
H 
ft 
n 
" n 
n 
n 
n 
n 
H 
crystalline 
H 
yellow oil 
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Infrared Spectra of Chromatography Fractions. 
Fraction 
2 
11 
10-13 
21 + 22 
mull 
mull 
Wavelength Maxima 
No hydroxyl, carbonyl or double 
bond 
Weak hydroxyl, carbonyl at 5.88 
microns 
2.94, 3.28, 5.88, 6.04. Sharp 
peak at 6.95 microns probably 
C-P band. Mixture of carbonyl 
and phenylphospine compound 
2.94, 3.28, 5.88, 6.05, 6.98 (a). 
Same as above 
No hydroxyl or carbonyl. Strong 
phenyl bands. 
Examination of the chromatography fractions indicated that 
material demonstrating the hydroxyl and methylene absorption 
expected for the product also showed carbonyl absorption at 
5.88 microns. Most fractions were contaminated with phenyl-
phosporus compounds as indicated by a sharp, strong peak at 
6.95 microns. 
I. Methyllithium Reaction with Decarboxylated Aoetylated 
cassaic Acid. 
The keto-acetate used in this experiment melted at 
125-125.5°. An infrared spectrum (Fig. 16) was taken in 
carbon tetrachloride with a Perkin Elmer Model 21 Spectro-
photometer. It was necessary to take the spectrum of a 
dilute solution (1~) to get good resolution of the two 
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carbonyl peaks. The spectrum showed the following ab-
sorption bands: 3.26, 5.75, 5.86, 6.06, and 11.15 microns. 
The 3.26, 6.06 and 11.15 micron bands are characteristic 
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of a terminal methylene group. 
Preparation of Methyllithium. 61 
A 50-ml., three-necked flask was equipped with a 
dropping funnel, magnetic stirrer, condenser and nitrogen 
inlet. To 5 ml. of ether distilled from lithium aluminum 
hydride was added 0.126 g. (18 mmoles) of lithium wire cut 
in small pieces. Methyl iodide, 0.52 ml~ (1.193 g., 8.4 
mmoles), was dissolved in 5 ml. of anhydrous ether and 
added slowly from a dropping funnel to the lithium wire 
with stirring. The rate of addition was adjusted so that 
gentle reflux occurred. After completion of the methyl 
iodide addition refluxing and stirring was continued for 
one hour. 
Titration: 
One milliliter of the ethereal methyllithium solu-
tion, withdrawn with a syringe from the supernatant liquid 
after allowing the mixture to settle, was added to 10 ml. 
of water and titrated with O.lON sulfuric acid with phenol-
phthalein as an indicator. This solution required 7.20 ml. 
of standard acid for neutralization. Accordingly, one 
milliliter is equivalent to 0.72 mmole of methyllithium 
per ml. of solution. (It is not possible to determine the 
amount of methyllithium present exclusive of other alkali 
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compounds as described for butyllithium since methyllithium 
does not readily couple with benzyl chloride.) 
Addition of Methyllithium to the Carbonyl Group 
of Decarboxylated Acetylated Cassaic Acid: 
Dried decarboxylated acetylated cassaic acid, 
28 mg., (0.0084 mmole), (m.p. 125-125.5°), was dissolved 
in 1 ml. of anhydrous ether in a micro reaction flask 
equipped with a cold finger condenser and a drying tube 
(no stirring or nitrogen was used). This solution was 
cooled in an ice bath. The methyllithium solution, 1.2 ml., 
(0.84 mmole, 10 molar excess) was added to the carbonyl 
compound with a syringe and needle. The ethereal solution 
became slightly turbid but no precipitate was present. The 
reaction mixture was allowed to stand at room temperature 
for 18 hours. At this time the solution was slightly yellow 
and quite turbid. This reaction mixture was then gently re-
fluxed for three hours. 
After cooling the mixture in an ice bath, saturated 
ammonium chloride solution (approximately 10 ml.) was 
added. The layer of ammonium chloride solution, which 
contained some insoluble hydroxides, was removed with a 
pipet and shaken with more ammonium chloride and ether. 
The ether was combined with the original layer in the re-
action flask. The ether was washed with water and saturated 
sodium chloride solution and then filtered through anhydrous 
sodium sulfate. Evaporation of the ether with a stream of 
nitrogen left 25 mg. of an amorphous solid. 
An infrared spectrum of this residue in a 1% 
carbon tetrachloride solution showed only a very slight 
absorption at the carbonyl region. This absorption was 
estimated to be about 3% of the original absorption in-
tensity. Two hydroxyl peaks were also present: 2.75 
(sharp), 2.90 {broad), 3.26, 6.06 (sharp, more intense 
than a band at 5.88), 11.24 microns (shifted from 11.15 
microns). 
Dehydrogenation of this material with selenium 
failed to yield aqy recognizable phenanthrene product. 
Methyllithium Reaction ~2: 
The methyllithium solution was prepared as des-
cribed in the preceding experiment. Titration indicated 
that 1 ml. of solution was equivalent to 2.23 mmoles of 
methyll i thium. 
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One hundred milligrams of keto-acetate (m.p. 120-
1210) was dissolved in 1.5 ml. of dry ether and cooled in 
an ice bath. The methyllithium solution, 1.4 ml. (3.01 
mmole, 10 molar excess) was added slowly to the carbonyl 
solution from a syringe. The heavy white resulting pre-
cipitate disappeared in a few minutes and left a slightly 
cloudy solution. The cold temperature was maintained for 
one hour and then the solution was allowed to warm to room 
temperature and stand for 18 hours. After refluxing for 
1/2 hour the solution was cooled and saturated ammonium 
chloride solution was added. The ether layer was washed 
twice with water, with saturated sodium chloride, fil-
tered through anhydrous sodium sulfate and evaporated. 
The residue consisted of some nicely crystalline white 
material and some yellow oil. 
An infrared spectrum showed the presence of two 
hydroxyl bands. The 5.88 micron carbonyl band was greatly 
diminished but still present. The residue weighed 87 mg. 
This residue (not re-acetylated) was combined with 
130 mg. of keto-acetate and again allowed to react with 
methyllithium. The reaction was carried out as described 
above except that a 50-ml. round bottomed flask was used 
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so that the reaction solution could be magnetically stirred. 
The reflux period was extended to 3 hours. The product 
from this reaction still showed some residual ketone as 
evidenced by the infrared spectrum in solution although 
the ketone intensity was greatly reduced. 
The residue (181 mg.) contained some white granu-
lar material but separation proved impraotioa~ by solubility 
differences. A trial Girard's separation was tried on some 
deoarboxylated-aoetylated cassaio acid and proved unsuc-
cessful. Finally, the product was chromatographed on 4 g. 
of Fisher alumina, 13 mm. x 3 1/2 em. column. The material 
was found to be soluble in petroleum ether-benzene 1:2, 
7-8 ml. fractions were collected. 
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Fraction Weight Solvent Comment 
1 pet.ether-benzene yellow oil 
1:2 
2 15.2 mg. 
" " 3 
4 0.9 benzene-ether n 
9:1 
5 11.0 a yellow resin 
6 22.6 " " n 7 15.5 • partially crystalline 8 14.7 " granular 9 10.8 
" 
11 
10 21.9 ether nicely crystalline 
11 18.2 " " " 12 5.7 I n 11 
13 2.a n yellow film 
Total 136.5 mg. 
Infrared spectra of fractions: 
Fraction 2- probably lubriseal, discarded 
5- film, 2.90 5.90 (strong), 6.06 microns. 
7- film, 2.90 with a slight shoulder, 5.90 peak 
weaker than Fr. 5 with respect to 6.06 peak. 
a- 0014 , 2.76, 2.88, 5.87 weaker than Fr. 7. 
lO- 0014 , a.76, 2.87, carb:lnyl peak less than 6~, 
material crystalline. 
11- m.p. 150-155° (sinter 146°). 
Fractions 1-3 discarded, 9-13 saved (59.4 mg.), fractions 
4-8 combined and used in the next reaction. 
Methyllithium Reaction #4: 
Fractions 4-8 from the previous chromatography and 
residues from three previous crystallizations of the keto-
acetate were combined and weighed 174 mg. This material 
was re-acetylated in 4 ml. of benzene and 1 ml. of acetic 
anhydride. After the usual treatment and chromatography 
164 mg. of yellow oil was obtained which did not crystal-
lize. The W.lure of this material to crystallize was 
probably due to contamination by some dihydroxy material 
from the previous methyllithium reaction (lR showed weak 
hydroxyl absorption). 
The methyllithium reaction was carried out exactly 
as described above. The residue weighed 138 mg. and an 
infrared spectrum showed the presence of the carbonyl but 
the intensity was greatly reduced. This material was 
chromatographed, after dissolving in petroleum ether 
(30-S0°) - benzene 1:2, on a 6 mm. x 11 1/2 om. column 
of Fisher alumina, 7-8 ml. fractions were collected. 
Fraction 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Weight Solvent 
Pet ether-benzene 
15.0 mg. 1:2 
9.7 benzene-ether 
15.2 19:1 
13.0 
10.2 
37.4 ether 
9.6 
Comment 
yellow oil 
yellow resin 
" " cry at all ins 
ft 
n 
107 
10 
11 
12 
1.6 colorless "glassn 
0.7 n n 
1.3 
Total n3.7 mg. 
Infrared spectrum (Fig. 17) of fraction 8 shows two hydroxyl 
bands, still a small amount of ketone present but band leas 
intense than double bond peak, estimated to be about 6~. 
The crystalline material readily recrystallizes from methanol-
water but due to the exceedingly low yield expected in 
the next reaction it seemed wiser not to sacrifice ma-
terial by recrystallization. 
J. Selenium Dehydrogenation of 2,9-Dihydroxy-1,1,8,9.12-
pentamethyl-7-methylene-perhydrophenanthrene. 
A total of 122 mg. of dihydroxy compound from the 
last two methyllithium reactions was combined in a 15 ml. 
centrifuge tube with 250 mg. of powdered grey selenium 
(Fairmount Chemical Co.). A smaller test tube provided 
with a drip tip was used as an air cooled condenser. The 
mixture was heated at 3:00 +5° for 7 hours in a Wood's 
metal bath. A dark brown liquid continuously refluxed 
off the tip of the condenser during the heating period. 
The reaction mixture was cooled and extracted 
with benzene. The solidified selenium was finely ground 
and re-extracted with benzene. The benzene was filtered 
through Celite (diatomaceous earth) and evaporated with a 
stream of nitrogen. The dark yellow, oily residue weighed 
41 mg. (calculated 93 mg.). The material was dissolved in 
petroleum ether (30-60°) and chromatographed on 3 g. of 
Fisher alumina in a 9 x 60 mm. column; 7-8 ml. fractions 
being collected. 
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Fraction Weight Solvent Comment 
1 10.6 mg. pet.ether (30-60°) yellow oil 
2 9.8 
" " 
crystalline 
3 1.8 " " 
n 
4 7.8 benzene brown film 
5 2.1 • " n 
Total 32.1 mg. 
Fraction 1 was dissolved in methanol and seeded 
with crystals from Fraction 2 but no crystals were ob-
tained. The methanol was then concentrated to about 
0.2 ml. and a saturated methanolic solution of 1,3,5-
trinitrobenzene added. A very few needles formed which 
were not worth recovering. 
In view of only 41 mg. of recovered material the 
selenium was again ground and combined with the Celite 
used for filtration, again extracted with benzene. About 
9 mg. of a dark brown oil was recovered. This oil to-
gether with fractions 4 and 5 from the chromatogram was 
dissolved in methanol (filtered, as some insoluble ma-
terial was present) and treated with a saturated methan-
olic solution of trinitrobenzene. No crystals formed 
with cooling in an ice bath so the material was discarded. 
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Fractions 2 and 3 were combined and recrystallized 
from methanol as shown in the following table. The ma-
terial crystallized as fine, white needles. 
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Rxt. Weight !!!..:.E.:.. 
1 3.6 mg. 90-93° 
a 2.3 101.5-103.5 (sinter 100.5) 
3 1.4 104-106 
4 o.s 107-108 
Synthetic 1,7,8,9-tetramethylphenanthrene is reported to 
melt at 109.5-110.5°. A mixed melting point of the phen-
anthrene from the natural product with the synthetic phen-
anthrene melted at 107-109° (the observed melting point of 
the synthetic material taken concurrently was 108-109.5°). 
The second filtrate from the above recrystalliza-
tiona was used to make a 2,4,7-trinitrofluorenone deriva-
tive Qy adding a saturated methanolic solution of trini-
trofluorenone to the warm filtrate. The deep orange 
crystals melted at 159-16!0. The same derivative from 
the synthetic material is reported to melt at 166-167°. 
After two recrystallizations from ethanol and benzene 
the trinitrofluorenone derivative melted at 164-166°. A 
mixture of this material with the synthetic derivative 
melted at 164-166° (the ewnthetic derivative was observed 
to melt at 166-168° when the melting point was taken con-
currently with the mixed melting point). (It should be 
noted that the color of this derivative varies from orange 
to deep red depending upon the concentration of the alco-
hol solution from which it is made). 
The purest tetramethylphenanthrene (melting point 
107-108°) was dissolved in a few drops of methanol and a 
saturated methanolic solution of picric acid was added. 
After filtering and drying, the deep orange crystals 
melted at 138.5-140.5° (the picrate of the synthetic 
material is reported to melt at 141.5-142.5°). A mixed 
melting point of the natural product and synthetic pic-
rate was 139.5-140°, the ~nthetic picrate was concur-
rently observed to melt at 140-141°. 
The first filtrate from the recrystallizations 
of the phenanthrene was used to make the 1,3,5-trinitro-
benzene derivative by adding a saturated methanolic 
solution of trinitrobenzene to the warmed filtrate. The 
bright yellow needles melted at 153-155°. The trinitro-
benzolate of the synthetic material is reported to melt 
at 164-165°. After three recrystallizations the trinitro-
benzolate of the natural product melted at 159-160°. In-
sufficient material prevented further purification. 
The fourth filtrate which contained material 
melting at 104-106° was used for ultraviolet spectra. 
The original filtrate was diluted to 5 ml. with 95~ 
ethanol. This was then diluted to 1:10 and 1:25 and 
ultraviolet spectra were taken of the three concentra-
tions (Figs. 4 and 5). After taking the spectra the phen-
anthrene was recovered from the solutions and weighed. 
It was found that there was 0.40 mg. in the original 5 ml. 
of solution and this concentration is used for the extinc-
tion coefficient calculations. It is felt that these 
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values are only approximate due to the inaccurate method 
of determining the concentrations. 
8ynthetic Material 
Compound Melting Point Mixed M.P. Concurrent M.P. Reported M.P. 
Phenanthrene 107-108° 107-109° 108-109.5° 109.5-110.5° 
141.5-142.5 
166-167 
164-165 
Picrate 139.5-140.5° 139.5-140 
TNF 
TNB 
164-166 
159-160 
Degradation Material 
-Amax, mu oonc. log f. 
216 1. 37xl0-5M 4.53 
sh 230 " 4.26 
sh 258 " 4.69 
263.5 n 
sh 285 3.42xl0-5M 
4.73 
4.04 
298 n 4.01 
310 " 
sh 335 3.42Z10-4M 
4.01 
2.56 
342 " 2.70 
350.5 " 2.44 
358 " 2.59 
sh = shoulder 
164-166 
140-141 
166-168 
a 8ynthetio Material 
.Amax, mu conc. log c: 
217.3 
sh 228 
sh 257 
264 
sh 286 
298 
311 
sh 336 
342 
351 
358 
lx1o-5M 
n 
n 
" 2x10-SM 
" 
" 7.8x10-4M 
n 
n 
" 
4.61 
4.33 
4.74 
4.81 
4.16 
4.15 
4.18 
2.11 
2.55 
1.55 
2.36 
X. Preparation of Diketocassenic Acid. 25 
Cassaic acid, 0.50 g. (1.5 mmole, m.p. 207-209°) was 
dissolved in 7 ml. of glacial acetic acid and warmed to 35° 
in a water bath. One millimole, 100 mg~, of chromic tri-
oxide was dissolved in 1.5 ml. of 90% acetic acid and added 
a Reported by s. Chakravarti. 
dropwise to the cassaic acid solution with swirling. 
The solution was allowed to stand one hour at room 
temperature, diluted with 30 ml. of water and allowed 
to stand in the cold several hours. 
The crystalline material was collected by suc-
tion filtration, washed with cold water and dried in an 
evacuated desiccator over calcium chloride. This crude 
diketocassenic acid weighed 0.36 g. (72% yield) and 
melted at 236-238°. After a third recrystallization 
from acetone-water and drying at 100° in an evacuated 
pistol for 48 hours the diketone melted at 238-239° 
(literature25 reports 238-239°, corrected). 
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Calc. for c20H28o4 : c, 72.26; H, 8.49. 
Found: 72.28; 8.41. 
~ ~5 -161 +P (0 .15% in abs. ethanol) , the 11 tera-
ture value is ~g5 -164.5 (1% in 95<;1, ethanol). 
Wavelength maximum (abs. EtOH) 218 millimicrons, 
log ( 4.31 (3.16 x 10-5 moles/liter) (Fig. 3). 
wavelength maxima (mull) 3.05, 5.81, 5.88, 6.05 
microns (Fig. 14). 
L. Thermal DecarboXflation of Diketocassenic Acid. 
Diketocassenic acid, 300 mg. (m.p. 236-238°) was 
heated under an atmosphere of nitrogen in a Wood's metal 
bath at 255 +4° for 45 minutes at which time bubbling seemed 
to cease. 
The product was cooled and dissolved in petroleum 
ether (30-60°) -benzene, 1:1, and chromatographed on 2 g. 
of Fisher alumina in an 8 mm. (i.d.) tube. Fractions were 
collected in approximately 8 ml. volumes, evaporated with 
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a stream of nitrogen with warming and dried in an evacuated 
desiccator. 
Fraction 
1 
2 
3 
4 
5 
6 
7 
Total 
Weight Solvent 
27.0 mg. pet ether-benzene 
1:1 
147.0 n 
22.1 " 
7.1 n 
3.3 " 
1.8 " 
1.2 " 
209.5 mg. (81%) 
Comment 
crystalline, 
m.p. 105-108° 
n 
n 
n 
" 
" 
" 
After recrystallization from petroleum ether (30-60°), 
decarboxylated diketocassenio acid melted at 111.5-113°. 
Calc. for ~9H2g02 : c, 79.12; H, 9.79. 
Found: 78.88; 9.95 
Active hydrogen determination, Zerewitinoff method, 
found 0.19%, calculated for one active hydrogen per molecule 
0.35%. This was determined at 0° with methyl magnesium 
iodide in anisole. The volume of methane was not increased 
when heated to 100°. 
A sample recrystallized from acetone-water melted at 
llD-111.5° (sinter at 107°), ~B5 -so +2° (0.15% in absolute 
ethanol). 
wavelength maxima (abs. EtOH) no maxima between 
210-320 millimicrons at 3.54 x 10-5 moles/liter. 
Wavelength maxima (mull) 3.24 (w), 5.87, 6.04, 
11.05 microns (Fig.l9). 
M. Decarboxylation of Diketocassenic Acid in Quinoline. 
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Diketocassenic acid, 100 mg. (m.p. 233-236°), was 
added to 2 ml. of quinoline, (Eastman Kodak, "White Label," 
distilled from zinc dust), and heated under an atmosphere 
of nitrogen at 240 +5° in a Wood's metal bath for 7 hours. 
After cooling, the solution was added to 10 ml. of 2N hy-
drochloric acid and allowed to stand in the cold overnight. 
The acid solution was extracted twice with about 
20 ml. portions of ether. The combined ether was washed 
with 2N hydrochloric acid, water and three 15 ml. portions 
of 10% sodium hydroxide solution. This was followed by 
washings with water and saturated sodium chloride. The 
ether was filtered through sodium sulfate and distilled 
on a steam bath. The crude residue weighed 71 mg. (8~) 
and showed infrared absorption peaks at 2.84, 3.26, 5.87, 
6.05 and 11.14 microns, taken as a film. 
This material was dissolved in petroleum ether-
benzene, 1:1, and chromatographed on 1.5 g. of Fisher 
alumina in an 8 mm. column. The fractions were collected 
in 5-7 ml. amounts and evaporated on a steam bath with a 
stream of nitrogen. 
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Fraction Weight Solvent Comment 
1 8.3 mg. pet.ether-benzene oil (30-60°) 1:1 
a 12.1 crystalline 
3 8.8 n 
4 3.1 n 
5 5.3 
" 6 2.7 " 7 1.2 " 8 1.1 
" 9 0.6 
" 10 0.4 " 
Total 35.3 mg. (4Q%) 
11 o.o benzene 
12 o.o 
13 0.1 
14 o.o 
15 14.9 ether colorless glass 
16 o.o 
17 0.3 
18 o.o 
19 o.o 
20 o.o 
21 7.2 methanol bright yellow solid 
22 o.s white film 
23 0.2 n " 
Total 67 mg. 
Wavelength maxima, Fraction 2, mull, 3.24 (w), 5.87, 6.04, 11.05 p 
• 15, film, 2.87, 3.26, 5.87, 6.06, 
11.10-11.20 (broad) p 
21, film,(sol1d), 2.90 (broad), 5.87, 
6.04 p (poorly defined). 
Fractions 2-10 were combined and recrystallized from 
acetone-water. After filtering and washing the precipitate 
with 50% acetone-water the white needles were dried at 56° 
in an evacuated pistol for 24 hours. The melting point of 
this material was 119-120° (sinter at 115°). An analysis was 
reported as follows: 
Calc. for c19H28o2: c, 79.12; H, 9.79. 
Found: 79.48; 9.76. 
Active hydrogen determined with lithium aluminum 
hydride at room temperature in either N-methyl morpholine 
or Q-butyl ether was reported as 0.00. An infrared ab-
sorption spectrum taken in 4.6% carbon tetrachloride solu-
tion showed peaks at 3.25, 5.84, 6.04 and 11.12 microns 
(Fig. 20). 
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A mixed melting point was taken with material that 
melted at 112.5-113.5° and analyzed correctly which was ob-
tained from decarboxylation with heat only. This mixed 
melting point was 117-120°. The difference in melting 
point suggested the possibility of isomeric compounds from 
the quinoline and thermal deoarboxylations. However, iden-
tical infrared curves and lack of melting point depression 
made this highly unlikely. Polymorph!• may be an explana-
tion for this discrepancy in melting point behavior. This 
could be easily determined by recrystallization from the 
same sol vent • 
The infrared absorption of the Fr. 15 eluate is 
identical with decarboxylated cassaic acid. The hydroxyl 
containing material amounts to over 25% of the product. It 
is very improbable that this material arises from the pre-
sence of cassaic acid in the starting material. Yet, until 
this possibility is eliminated, speculation as to the origin 
of the hydroxy compound is premature. 
N. Methyl Grignard Reaction with Decarboxylated Diketo-
cassenic Acid. 
A 50-ml., three-necked flask was equipped with a 
condenser and drying tube, nitrogen inlet and magnetic 
stirrer. All glassware was dried in an oven at 110° and 
cooled in a desiccator. The Grignard reagent was made 
with 136 mg. (5.62 mmoles, 15 molar excess) of magnesium 
and 0.35 ml. (0.8 g., 5.6 mmoles) of methyl iodide in ca. 
15 ml. of ether. 
Decarboxylated diketooassenic acid, direct from 
the chromatographic column without recrystallization 
(m.p. 107-109°), 108 mg. (0.375 mmole) was dissolved in 
£!· 10 ml. of dry ether (distilled from lithium aluminum 
hydride) and added to the stirred Grignard solution from 
a pipet. A precipitate immediately formed which gradually 
disappeared with stirring at room temperature. 
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At the end of four hours about 20 ml. of benzene 
was distilled directly into the reaction flask from lithium 
aluminum hydride. The reaction mixture was gently refluxed 
with stirring for 19 hours at which time a moderate amount 
of precipitate was present. 
A cold, saturated aqueous solution of ammonium 
chloride (approx. equal volume) was added to the cooled 
reaction mixture and the organic phase separated. The 
aqueous layer was extracted with ether and the combined 
organic layers were washed with water and saturated sodium 
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chloride solution, dried over sodium sulfate and distilled. 
The yellow, liquid residue, weighed 118 mg., wavelength 
maxima (film) 2.87 (s), 5.88 (s), 6.06, 11.25 microns (Fig. 
21). The residue was dissolved in 5 ml. of petroleum ether 
(30-60°) and chromatographed on 2 g. of Fisher alumina in 
an 8 mm. (i.d.) tube, 7-8 ml. fractions collected. 
Fraction Weight 
1 6.5 mg. 
2 6.8 
3 0.2 
4 o.o 
5 0.3 
6 o.o 
7 o.o 
8 o.o 
9 o.o 
10 0.7 
11 0.8 
12 2.1 
13 10.3 
14 10.1 
15 7.5 
16 7.5 
17 6.1 
18 3.8 
19 4.3 
20 3.2 
21 2.4 
22 7.5 
23 6.0 
24 3.8 
25 2.5 
26 2.3 
27 1.2 
28 9.9 
29 1.4 
ro 0.3 
31 0.3 
32 0.7 
33 6.9 
34 1.1 
Total 116.2 mg. 
Solvent 
petroleum ether 
" 
" n 
pet.ether-benzene 
19:1 
" 
" 
" 9:1 
• 
" 
" 1:1 
" 
" 
" 
" 
" 
" 
" 
" benzene 
" 
• 
" 
• 
• 
ether 
" 
• 
" 
" 
methanol 
" 
Comment 
grease 
n 
slight yellow film 
slight oil 
glass 
oily crystals 
crystalline 
" 
" 
" 
" 
" 
• 
" 
" crystalline 
oily crystals 
" 
solid 
n 
crystalline 
" film 
" 
yellow oil 
white film 
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The first crystalline fraction, fl4, melted at 106-112°, 
wavelength maxima in carbon tetrachloride 5.86, 6.05 microns. 
Fraction 22, wavelength maxima in a mull, 2.83, 5.88, 6.04 
microns. Fraction 28, wavelength maxima in carbon tetra-
chloride 2.75 (w), 5.86, 6.04 microns. 
Fractions 13-21 were combined (55 mg.) and dissolved 
in~· 3 ml. of petroleum ether. Only a few particles 
could be brought out of solution. The solvent was evaporated 
and the residue dissolved in acetone-water. After standing 
in the cold, 24 mg. of fine white needles were deposited. 
This material did not have a sharp melting point; it soften-
ed at 82°, was liquid at 91° but cloudy. A mixed melting 
point taken concurrently with diketo-decarboxylated cassenic 
acid (105-108°) began to soften at 65° and melted at 70°, 
cloudy. This crystalline material apparently was not start-
ing material. This crystalline material was dissolved in 
~· 1 ml. of petroleum ether. About three milligrams of 
material precipitated from solution and melted at 119-132°. 
The analysis of this sample was: 
Calc. for c2oa3z02: c, 78.89; H, 10.59. 
Found: 77.95; 11.07. 
This material was probably a mixture of isomers and no 
further attempts were made to obtain a pure sample. The 
above petroleum ether filtrate was evaporate4 and an infra-
red spectrum was taken of the residue as a film. ~e s.pectrum 
showed a strong hydroxyl band at 2.88 microns. This material 
was apparently the Grignard product which did not demon-
strate hydroxyl absorption in solution, perhaps due to 
insufficient concentration. 
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Fractions 10-27 were combined, (plus some fractions 
from a previous Grignard reaction chromatography carried 
out in the same manner), and rechromatographed. This ma-
terial weighed 69 mg. and was dissolved in petroleum ether 
(30-60°) - benzene, 1:1, and put on 2 g. of Fisher alumina 
in an 8 mm. (i.d.) column, 7-8 ml. fractions were collected. 
Fraction Weight Solvent Comment 
1 4.5 mg. pet.ether-benzene yellow oil 
1:1 
2 12.8 n crystalline 
3 7.5 
" 
n 
4 5.5 n nn 
5 5.5 n n 
6 9.1 benzene solid 
7 8.4 
" 
n 
8 1.0 n 
Total 54.3 
Fraction 2 wavelength maxima (film) 2.85 (s), 5.88, 6.04 microns. 
Fraction 6 wavelength maxima (film) 2.86 (s), 5.88, 6.04 microns, 
m.p. 97-126°. The fractions appeared crystalline but were 
sticky. The material in the benzene eluates seemed more 
crystalline but melted over a wide range. The material was 
soluble in all common organic solvents. 
o. Reduction of the Methyl Grignard Adduct from Decar-
boxylated Diketocassenic Acid. 
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Chromatographic fractions from the Grignard product 
were combined in ether (fractions 2-8, second chromatography) 
54 mg., and added to 0.2 g. of lithium aluminum hydride sus-
pended in 10 ml. of dry ether. The suspension was magneti-
cally stirred at room temperature for 20 hours and then re-
fluxed for 2 hours. 
After cooling in an ice bath the complex was decom-
posed with a saturated solution of sodium potassium tartrate. 
The salt solution was extracted twice with ether. The ether 
extracts were combined, washed with tartrate solution, water 
and saturated sodium chloride solution and dried over sodium 
sulfate. Evaporation of the ether on a steam bath left 
54 mg. of a thick yellow residue, wavelength maximum (film) 
2.90 microns (very strong). The carbonyl absorption was 
completely absent. This residue formed a white solid when 
triturated with petroleum ether. This solid was dissolved 
in warm petroleum ether (30-60°) by adding drops of ether. 
An amorphous white solid (15 mg.) formed after standing in 
the cold. The melting point was between 88-96°. A 5 mg. 
sample of this non-crystalline material analyzed as follows: 
Calc. for c20H3402: a, 78.38; H, 11.18. 
Found: 77.66; 11.13. 
The filtrate was evaporated to yield 32 mg. of a 
yellow oil. It was possible to obtain 2 mg. of nice fine 
needles from the remaining 10 mg. of amorphous solid. 
This crystalline material, m.p. 93-95° (sinter at 89°), 
was not analyzed. No attempt was made on succeeding re-
ductions to obtain crystalline material due to the short-
age of starting material and the exceedingly low yield of 
the next step. There is a possibility of four isomers 
forming by reduction of the ketone. This fact would com-
plicate purification. 
P. Selenium Dehydrogenation of 2,9-Dihydroxy-1,2,8,12-
Pentametbyl-7-Methyleneperb¥drophenanthrene. 
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The crude Grignard adduct, without purification 
by chromatography, obtained from reaction of decarboxy-
lated diketocassenic acid and methylmagnesium iodide was 
reduced with lithium aluminum hydride as previously des-
cribed. The dihydroxy compound in the form of a "glass" 
was dehydrogenated with selenium. 
The dry diol, 262 mg., was mixed with 500 mg. of 
black powdered selenium (Fairmount Chemical Co.) in the 
bottom of a 15 ml. centrifuge tube. An 8 mm. test tube 
was inserted in the centrifuge tube which was used as an 
air-cooled condenser. The mixture was heated in a Wood's 
metal bath at 315-330° for 8 hours. 
The contents of the tube were rinsed several times 
with benzene and the solidified selenium was finely ground 
and also extracted with benzene. On evaporation of the 
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benzene a black tarry residue remained which was dissolved 
in~· 20 ml. of warm methanol. Three milliliters of a 
saturated methanolic solution of 1,3,5-trinitrobenzene was 
added to the solution of dehydrogenation product. Cooling 
at 0° gave deep orange crystals, which were collected by 
suction filtration. The filtrate was concentrated and 
1.5 ml. of trinitrobenzene solution was added. The addi-
tional crystals were collected and added to the first batch. 
On further concentration of the filtrate, trinitrobenzene 
began to crystallize. 
The trinitrobenzene derivative, dried in an evacu-
ated desiccator, weighed 65 mg.; the melting point was 
179-185° (sinter at 177°). 
After unsuccessful attempts to decompose the above 
complex by passing solutions of the complex in benzene, 
petroleum ether-benzene, or chloroform through alumina, 
carbon tetrachloride was found to be a suitable solvent. 
The trinitrobenzene derivative was dissolved in carbon 
tetrachloride and filtered through 4 g. of Fisher alumina 
in a 10 mm. (i.d.) column (height of alumina, 6.5 em.). 
The first two 8 ml. fractions of carbon tetrachloride con-
tained a white residue tinged with yellow, and the next 
three fractions were yellow to red. 
Fractions 1 and 2 were combined and dissolved in 
ca. 4 ml. of hot methanol. After cooling in an ice bath, 
filtration was carried out with a filter stick. After 
drying, the crystalline material weighed 11.4 mg., 
m.p. 150-155°. This product represents approximately 
6% of impure hydrocarbon. Four more recrystallizations 
were performed in methanol as tabulated below: 
Rxt.i Weight Melti~ Point 
2 5.7 mg. 182-lSS• l' 159"l 3 3.1 165-167 s 162 
4 2.8 167-168 s 165 
5 1.6 168.5-169.5(s 165 
s = sinter 
Material from a previous dehydrogenation in the form of 
lustrous plates, was found to melt at 169-170° (sinter 
at 165°), after a fourth recrystallization from methanol. 
A synthetic sample41 a of 1,2,7,8-tetramethyl-
phenanthrene, m.p. 170-170.4°, was recrystallized from 
methanol and dried, m.p. 170-171°. A mixture of the syn-
thetic and natural product phenanthrene was observed con-
currently, melting point 169-170.5°. 
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The 1.5 mg. of natural product phenanthrene was 
dissolved in 0.45 ml. of absolute ethanol. Part of this 
solution (0.21 ml.) was mixed with 0.2 ml. of methanolic 
1,3,5-trinitrobenzene solution and the remainder (0.8 mg. 
in 0.24 ml. of ethanol) was used for ultraviolet absorp-
tion spectra. The trinitrobenzolate was recrystallized 
from ethanol-chloroform, m.p. 206-207.2° (sinter at 199°). 
The trinitrobenzene derivative made in the same manner from 
a Received from Dr. Bruno Engel, Laboratgrium fftr organische 
Chemie, Eidg. Technische HochschUle, ZUrich. 
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the synthetic material melted at 205-207° (sinter at 201°), 
mixed m.p. was 205-207° (sinter at 203°). 
A picrate derivative was made from the phenanthrene 
obtained from a previous dehydrogenation, m.p. 169-170°, 
by adding a saturated methanolic solution of picric acid 
to a methanolic solution of the phenanthrene. The deep 
orange needles melted at 184-185° (soften at 181°) without 
recrystallization. A picrate derivative made in the same 
manner from the synthetic phenanthrene melted at 184-185°, 
mixed m.p. was 184-185°. 
Ultraviolet spectra of both phenanthrene samples 
were identical (see following table), (Figs. 6 and 7). In-
frared spectra of both samples of phenanthrene were also 
identical (Figs. 22 and 23). 
The following table summarizes the melting point 
data: 
Natural Product Synthetic Mixed 
Phenan- 168.5-169.5°(s 165) 170-171° 169-170.5° threne 
Picrate 184-185 fs 181~ 184-185 184-185 TNB 206-207 s 199 205-207 (s 201) 205-207 ( s 203) 
s = sinter 
Wavelength maxima and log e. values for the 1 ,2,7 ,8-
tetramethylphenanthrenes: (These values are only approxi-
mate as the weight of the natural product phenanthrene was 
not accurately known and the synthetic material was weighed 
only to the nearest 0.1 of a milligram.) 
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Degradation Material §ynthetic Material 
i\max. ,mu Cone. logE: .Nnax. ,mu Cone. logE 
216 2.4xlo-S. 4.44 216 2.4xlO-sM 4.54 
25S 
" 
4.56 256 n 4.70 
263 
" 
4.66 263 
" 4.81 285 R 4.01 285 n 4.10 
295 " 3.93 295 n 4.02 308 " 4.03 308 n 4.13 326 3.4xl0-~ 2.32 326 3.4xl0-4M 2.42 
341 n 2.39 341 
" 2.53 358 n 2.09 358 
" 2.19 
Q. Attempted Preparation of a Phenanthrol from Cassaic Acid 
1. Dehydrogenation of Cassaic Acid with Selenium 
Cassaic acid, 157 mg. (m.p. 209-210°), was mixed 
with 300 mg. of black powdered selenium' in the apparatus 
previously described. This mixture was heated at 310 +5° 
in a Wood's metal bath for 11 hours. 
After cooling, the mixture was thoroughly extracted 
with ether. The ether extract was washed twice with 1~ 
sodium hydroxide. The sodium hydroxide solution was aci-
dified with 2N hydrochloric acid and then extracted three 
times with ether. The ether was washed with water, satu-
rated sodium chloride and dried over sodium sulfate. After 
evaporation of the ether, 3.8 mg. of a yellow grease re-
mained which showed no infrared absorption peaks expected 
for a hydroxyl or phenyl function. 
The yellow, semi-solid neutral material weighed 
18 mg. This was dissolved in methanol but no further at-
tempt was made to obtain pure material. 
2. Dehydrogenation of Cassaic Acid with Palladium 
on Charcoal. 
One hundred milligrams of cassaic acid was mixed 
with 30 mg. of 10% palladium on charcoal (Commercial, The 
American Platinum Works) and 2 g. of naphthalene (m.p. 
78.5-79.5°). This mixture was refluxed for 8 hours; the 
temperature of the Wood's metal bath was 220-225°. 
The cooled mixture was thoroughly mixed with ether 
and filtered from the catalyst. The ether filtrate was 
extracted three times with 10% potassium hydroxide. The 
basic extracts were combined and acidified with 2N hydro-
chloric acid and extracted with ether. After the ether 
was washed, dried and evaporated, a gummy residue remained 
which weighed 17 mg. An infrared spectrum showed peaks at 
2.88 and 5.89 microns but no peaks characteristic of an 
aromatic compound. 
This residue was then dissolved in ether and ex-
tracted with 5% sodium bicarbonate solution. The ether 
was washed, dried and evaporated. .'fhiS, left only a slight 
greasy film which did not have an infrared spectrum char-
acteristic of an aromatic compound. 
The original ether solution (from the potassium 
hydroxide extraction) was extracted with 504 potassium 
hydroxide. When this basic solution was acidified with 
concentrated hydrochloric acid and extracted with ether, 
no residue was found. 
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3. Dehydrogenation of Cassaic Acid with Sulfur. 
CHCOOH 
+ 48 ~ + 002 + H20 
+ H2S + 2CH3SH 
XLII 
Cassaic acid (XLII), 274 mg. (0.83 mmole) and 
105 mg. (3.3 mmole) of sulfur was mixed with 2 g. of bi-
phenyl and refluxed for 1.5 hours. The temperature of the 
Wood's metal bath was 255-260°. 
The reaction gases were led through a trap and into 
a tube containing a 1% lead acetate solution. A large amount 
of lead sulfide immediately formed when the reaction mixture 
was heated. At the end of 1.5 hours the evolution of hydro-
gen sulfide seemed to have ceased. 
The mixture was cooled and dissolved in ether and 
after filtration the ether was extracted with three 15 ml. 
portions of So% potassium hydroxide solution. The basic 
extracts were combined, washed twice with ether, cooled in 
an ice-bath and acidified with concentrated hydrochloric 
acid. This acidic solution was extracted three times with 
ether which was washed with water and saturated sodium 
chloride solution, filtered through sodium sulfate and 
evaporated. A trace of yellow material was obtained 
which had infrared absorption peaks at 2.86 and 5.88 
microns. This material could possibly be decarboxylated 
cassaic acid. 
R. Zimmermann Test. 62 
The Zimmermann test was carried out by adding 
0.5 mg. of compound to 1 ml. of 2N ethanolic potassium 
hydroxide solution and 1 ml. of 1% m-dinitrobenzene in 
absolute ethanol. Three flasks were set up, one as a 
control, one with cassaic acid and one with diketo-
cassenic acid. A violet color immediately formed in the 
diketocassenic acid solution and the other two remained 
colorless. This result is in agreement with observations 
reported in the literature that only 3-keto groups of 
triterpenes give a positive test. No previous applica-
tions of this test to diterpenes could be found. 
s. Infrared and Ultraviolet Absorption Curves. 
Notes on Infrared Curves 
The following infrared curves were recorded on 
either a Perkin-Elmer Model 120 or Model 21 Spectropho-
tometer. The model used is indicated on each curve. The 
Model 120 is a single beam instrument, therefore, atmos-
pheric absorption is always present in the spectra. It 
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should be particularly noted that there is a water ab-
sorption peak at 6.04 microns. As a result, the intensity 
of double bond absorption at tnis wavelength may be con-
siderably enhanced if the water vapor absorption is strong. 
The Model 21 Spectrophotometer is a double beam 
instrument. However, a reference cell containing solvent 
was not used when the solution spectra were recorded be-
cause a liquid miorocell was used. Consequently, only at-
Cnot solvent absorPtion) 
mospheric absorption~ls aDsen~ ~rom the spectra. In all 
curves the dotted lines indicate either atmospheric ab-
sorption or solvent absorption. 
The spectrum recorded on the Model 120 instrument 
is scanned at two speeds. The break in the curves around 
8 microns is due to change in speed. The ordinate of the 
curves is a_funct1on:-of' transmission~ 
rretails of solvent and concentrations for the ultra-
violet absorption determinations will be found in appro-
plate sections of "Experimental Procedures", Part V. 
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VI • SU!OlARY 
A. Location of the Hydroxyl and Ketone Groups. 
The ketone group of cassaic acid has been assigned 
to the 9-position on the basis of the following evidence. 
Decarboxylated acetylated cassaic acid (LIX) re-
acted with metbyllithium to form a dihydroxy compound LX. 
c~ 
HO 
LIX I LX 
1,7,8,9-TETRAMETHYLPHENANTHRENE 
LXI 
Selenium dehydrogenation of the methyllithium adduct (LX) 
produced a tetra-substituted phenanthrene which was iden-
tified as 1,7,8,9-tetramethylphenanthrene (LXI) by com-
parison with a synthetic sample. Since 1,7,8-trimethyl-
phenanthrene (LXIV) has been isolated from selenium de-
hydrogenations of both cassanic acid (LXII) and dihydroxy-
cassanic acid (LXIII) the only conclusion that can be 
reached from the above sequence of reactions is that the 
fourth methyl group at the 9-position of the phenanthrene 
must have originated from insertion of a methyl group at 
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the carbonyl position of deoarboxylated acetylated cassaic acid. 
H2..COOH 
CASSANIC MID 
LXII 
DIHYDROXYCASS~1IC ACID 
LXIII 
1,7,8-TRIMETHYLPHENANTHRENE 
LXIV 
Isolation of 1,7,8-trimethylphenanthrene from 
selenium dehydrogenation of cassanio acid eliminates the 
possibility of the tri-substituted phenanthrene arising 
from a Wagner-Meerwein rearrangement during dehydrogena-
tion. This type of rearrangement is not known to occur 
without a substituent at the site to which the group mi-
grates. The consequences of a Wagner-Meerwein rearrange-
ment occurring during dehydrogenation is discussed with 
the chemistry of cassaic acid (Section II, Part C). 
1,7,8-Trimethylphenanthrene has been synthesized37 
and also obtained from other diterpenes. 
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The skeletal structure of cassaic acid, recently 
established~ Xing, 43 further substantiates the conclu-
sion that 1,7,8-trimethylphenanthrene arises from a nucleus 
with methyl groups, or potential methyl groups, at the 1,7-
and a-positions. 
The 1,7,8,9-tetramethylphenanthrene used for com-
parison with the material from the natural product was 
63 
synthesized ~ Subodh Chakravarti in the following manner. 
A Friedel-Crafts reaction between toluene and suc-
cinic anhydride provided the keto-acid LXV which was re-
duced under Clemmensen conditions and oyclized with 85~ 
sulfuric acid to furnish the substituted 1-tetralone LXVI. 
Methyl Grignard addition to the ketone followed ~ reduc-
tion of the double bond, formed ~ dehydration of the car-
binol, gave rise to the tetralin LXVII. Acylation of LXVII 
provided the ketone LXVIII. 1-Tetralone (LXVI) was a 
known compound. The structure of LXVIII was established 
which eliminated other substitution possibilities. 
A Reformatsky reaction on ketone LXVIII with 
ethyl a-bromopropionate, followed by dehydration, saponi-
fication and reduction of the double bond produced the 
substituted propionic acid LXIX. Ring A was aromatized 
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by forming the methyl ester and dehydrogenating with sulfur. 
The acid side chain was homologized by the Arndt-Eistert 
sequence. Cyclization of acid LXX with anhydrous hydrogen 
fluoride afforded phenanthrene LXXI. Dehydrogenation of 
the phenanthrol, obtained by lithium aluminum hydride re-
duction of the phenanthrene, with 10% palladium on charcoal 
produced the desired 1,7,8,9-tetramethylphenanthrene (LXI). 
An approach similar to the one used for determining 
the position of the keto group led to the conclusion that 
the hydroxyl group of cassaic acid is at the 2-position. 
It was found that the ketone group of d.ecarboxylated 
acetylated cassaic acid was reluctant to react with methyl-
magnesium iodide. However, when decarboxylated diketo-
cassenic acid (XLVIII) derived from decarboxylation of 
oxidized cassaic acid (XLVII) was allowed to react with a 
large excess of methyl Grignard reagent a keto-hydroxy compound 
LXXII was formed. 
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w 
0 
LXVII LXVI 
LXVIII LXIX 
HOOC 
LXX 
LXXI LXI 
C~COOH 
CASSAIC ACID 
XLII 
LXXII 
0 
CHCOOH 
DIKETOCASSENIC ACID 
XLVII 
XLVIII 
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It was assumed that the original ketone (at the 9-position) 
remained unreactive toward Grignard reagent in the di-
ketone XLVIII. The Grignard adduct LXXII would be formed 
as the result of reaction with the second ketone, which 
was the site of the original hydroxyl group. 
Reduction of the Grignard adduct LXXII by lithium 
aluminum hydride, followed by selenium dehydrogenation 
produced a tetra-substituted phenanthrene LXXIII. This 
phenanthrene was identified as 1,2,7,8-tetramethylphen-
anthrene by direct comparison with a synthetic sample. 
c~ 
1~ 
1,2,7,8-TETRAlmTHYLPHENANTHRENE 
LXXIII 
Keeping in mind the faot that 1,7,8-trimethylphen-
anthrene is derived from oassaic acid before attachment of 
the methyl group, the added methyl group must be the one 
at the 2-position. This methyl group must have originated 
from insertion of a methyl group at the reactive carbonyl, 
which is the ketone originating from the hydroxyl group. 
This result unambiguously locates the hydroxyl group of 
oassaic aoid at the 2-position. 
Establishment of the location of the carbonyl at 
c9 and the hydroxyl at c2 of oassaic acid confirms the 
provisional structure of Tondeur1 and Humber and Taylor.1 
This conclusion has also been reached by Turner (private 
communication) by synthesis of a derivative of cassaio 
acid. Mathieson (private communication) also has pre-
sented evidence in support of c2 as the site for the 
hydroxyl group. 
The 1,2,7,8-tetramethylphenanthrene received from 
Engel had been synthesized in the following manner. 41 
~- 5,6-Dimethyl-1,2,3,4-tetrahydro-naphthyl-(1) -
ethyl bromide (LXXIV), which was swnthesized by standard 
methods, 64 •65 was condensed with sodio-methyl malonic 
ester, followed by saponification and decarboxylation. 
The substituted butyric acid LXXV was cyclized to the ke-
tone LXXVI which gave rise to the dihydro-phenanthrene 
LXXVII on reaction with methyl Grignard reagent. Dehydro-
genation with palladium on charcoal produced the desired 
1,2,7,8-tetramethylphenanthrene (LXXIII). 
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LXXIV LXXV 
LXXVII LXXVI 
LXXIII 
B. Speculation on the Reluctance of the 9-Ketone Group 
to Add Methyl Grignard Reagent. 
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As has been described in previous sections, it was 
not possible to add methyl Grignard reagent to the carbonyl 
of cassaic acid, cassaic acid methyl ester, cassaine ace-
tate or decarboxylated acetylated cassaic acid. 
Steric hindrance must be considered as a possible 
factor in the reluctance of the ketone at the 9-position 
to react with the methyl Grignard reagent. 
Since cassanic acid has been related to vouacapenic 
acid (Section II, Part C) it can be accepted that the A/B 
ring system is trans-fused. Of the possible configurations 
for the perhydrophenanthrene ring system, the trans-anti-
trans and trans-~-£!! models with the 8 methyl group axial 
77 (as demonstrated qy Turner ) show that the steric situation 
around the 9-position is crowded, and that operation of 
steric hindrance effects might not be unexpected. However, 
the carbonyl at the 9-position does undergo addition re-
actions such as oxime and semicarbazone formation, 25 methyl-
lithium addition and lithium aluminum hydride reduction. 
Accordingly, the effect of the crowding must be borderline. 
The Grignard reaction could require more space than is 
available, and so fail; the other reactions with smaller 
space requirements might be realizable. 
This analysis is weakened by the fact that other 
ketonic functions that are at least as hindered as the 
9-ketone group in the cassaic compounds are reported to 
react successfully with the methyl Grignard reagent. 
Reference may be made to the ketone group at the 3-posi-
tion of keto-manoyloxide66 (LXXVIII) and the 11 position 
of androstanol-dione67 (LXXIX). 
0 
H 
LXXVIII LXXIX 
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Several active hydrogen determinations (see follow-
ing table) resulted in detection of part of a mole of active 
hydrogen by the zerewitinoff method. This is evidence in 
favor of steric hindrance as it is known69 that the slower 
enolate-forming reaction can occur if addition of the 
Grignard reagent is sterically hindered. 
Two determinations, one on decarboxylated diketo-
cassenic acid and one on decarboxylated acetylated cassaic 
acid, were carried out with methyl magnesium iodide in 
anisole. Both determinations indicated the presence of 
about 0.50 mole of active hydrogen at 0°. The fractional 
mole of active hydrogen detected is not surprising even 
156 
SUmmary of Active HYdrogen Determinations 
Calc. for 1 
CO!!JEOund Active H Active H Re!!£ent Solvent 
0.24% 0.30% a Keto-acetate LiAlH4 N-methyl 
morpholine or 
Bu ether · 
Keto-acetate 0.14 CH3Ygi bAni sole 
Diketone o.oo 0.35 LiAlH4 ~-methyl 
morpholine or 
Bu ether 
Diketone 0.19 CH3Mgi bAni sole 
Diketone 0.05 CH~gi cToluene 
Cassained 0.38 0.25 ? ? 
a Room temperature (Nagy). 
b No increase in volume of CH4 when temperature raised to 100° (Meier). 
0 At 100° (Meier). 
d Private communioa tion from Engel. 
though no addition is observed. It has been shown that the 
per cent of "enolization" decreases, as well as addition, 
72 in sterically hindered compounds. 
Other discrepancies shown in the table of active 
hydrogen determinations may be attributed to solvent dif-
ferences. It has been shown68 that different solvents may 
give divergent active hydrogen values by the Zerewitinoff 
method. For example, it was found that acetophenone showed 
no enolate formation when the determination was carried out 
in xylene, 12% enolate formation in isoamyl ether and 
78% in pyridine or dioxane. These results of course 
give no information concerning the competing Grignard 
addition reaction and active hydrogen reaction but do 
serve to demonstrate that solvent can affect active 
hydrogen results. 
Comparisons of active hydrogen determinations 
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by the lithium aluminum hydride method and the Zerewitinoff 
method have been made by Hochstein. 70 It was found that 
the results were dependent upon the solvent used with 
lithium aluminum hydride as well as with methyl magnesium 
iodide. As indicated in the table, the exact solvents 
used for the lithium aluminum hydride determinations are 
not known. 
From the results summarized in the table it can 
be concluded that the ketone at the 9-position will give 
enolate in the presence of Grignard reagent in anisole, 
or in other words, in the hindered situation of the c9 
carbonyl, "enolization" would probably be more favored 
than addition. It is possible, though not proved, that 
enolate formation in the attempted preparative reactions 
of the methyl Grignard reagent blocked the desired addition 
process. 
An unstable B/C ring fusion could possibly offer 
additional driving force to 11 enolization11 but no experi-
mental evidence is available. Thus rosenonolactone (LXXX) 
has been observed to epimerize easily at o14 with either 
acid or base by way of a o9 carbonyl. 
55 
LXXX 
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The fact that methyllithium adds to the carbonyl 
and Grignard reagent does not add must be due to different 
ateric requirements for either approach of the reagent or 
formation of the products. (There are alight differences 
in reaction conditions for the unsuccessful Grignard re-
actions and the successful methyllithium addition but these 
do not appear to be significant.) 
For the sake of clarity a definite structural form 
will be assigned to decarboxylated acetylated casaaic acid 
although some of the stereochemical details are not known. 
The most stable ring system will be assumed, trans-anti-
trans. It is known that the A/B fusion is trans and the 
o8 methyl is axial (LXXXI). 
LXXXI 
.~ First,'product development will be considered. 
If we assume first that the mechanisms for both organo-
metallic reactions are the same the methyl group will 
approach the carbonyl carbon from the most unhindered 
side, which is the front of the molecule as pictured 
above (~ side). This follows the well established gen-
eralization that the entering R group will preferentially 
approach from the least hindered side in Grignard reac-
tions.71 (It should be clearly understood that the use 
of RMgX in this discussion is an inadequate representa-
tion of the Grignard reagent and is used for convenience. 
Consequently, this discussion is certainly an oversimpli-
fication of the true picture. 72) The resulting product, 
before hydrolysis, will have the oxygen-metal complex on 
the a or most hindered side of the molecule (LXXXII). 
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* The term "product development" is meant to indicate that 
the course of the reaction may be influenced by the stability 
of the Product even in an irreversible process if sn element 
of stability closely related to that in the product is also 
_.,..,. .... ..,._.~ ......... "'- -1-1.-.. ..... ,.., .............. ~ ..... ~-- ....................... 
. 
' OM 
LXXXII 
The product with M as lithium should be more stable than 
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the product with M as magnesium halide, due to the difference 
in bulk of the M group. It is also likely that the greater 
extent of solvation in the case of the magnesium complex 
would add to the bulk of the product. 
Different reaction paths may also account for the 
observations concerning the carbonyl reactivity. A simpli-
fied mechanism will be assumed for Grignard addition which 
involves two molecules of Grignard reagent etherate, the 
metal atom of one coordinating with the carbonyl oxygen and 
the alkyl group of a second molecule attacking the carbonyl 
carbon73 (note the accompanying figure). (Mechanisms in-
volving a cyclic intermediate, or a mechanism involving the 
species MgX2 and R2Mg rather than RMgX would lead to the 
same conclusions.) 
Mq .... x CH:; 
\0 !f R) 
' ~ ... -X 
Now, if the approach of the second molecule of 
Grignard reagent to the carbonyl carbon is difficult it 
is conceivable that the alkyl group from the second 
molecule of Grignard reagent will remove a proton from 
the 14- (or 10-) position and so allow the bonding pair 
of electrons to enter into enolate formation (of. dia-
grams). 
{ O.MgX 
' 
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+ RH + RMgX 
The following transition state has been suggested 
for alkyllithium additions.74 
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Comparison of this transition state with that advanced 
for Grignard addition suggests that the approach of the 
methyl group from the lithium complex to carbonyl carbon 
would be less sensitive to steric requirements than the 
approach of a second Grignard molecule. The stability of 
the product, as already mentioned, should not be overlooked. 
There may be other factors involved in the observed 
results of the organometallic reactions with the o9 car-
bonyl of cassaic acid, such as relative covalent or ionic 
character of the organometallic bonds, degree of solvation 
and solubility of the addition complexes. However, the 
above discussion serves to demonstrate that at least to 
some extent, speculation can serve to rationalize the dif-
ferent reactivities of the carbonyl towards methyllithium 
and methyl Grignard reagent. 
0. Oomments on Infrared Absorption Spectra 
The following table of infrared absorption maxima 
for derivatives of cassaic acid demonstrates that the same 
functional groups in different molecules absorb at approxi-
mately the same wavelength except for diketocassenic acid. 
The spectrum of this compound shows a strong hydroxyl ab-
sorption at 3.05 microns and the acid carbonyl absorbs at 
5.81 microns. The acid carbonyl in cassaic acid absorbs at 
5.97 microns. 
Compound iYdroxyl 
Oassaine ,yX~"'··~><.o• .. .(~ 3.18 
,.o mull 
Oassa1c Ac1d 
~<HC:OO .. 2.85 
mull 
. 
Oassaic Acid 
Methyl Ester 
~C"COOC"'<< 2.86 
""' mull 
Oassaine Acetate 
1\c..:l 
$11C.OOC11,.<ii,<~ 
mull 
Decarboxylated 
Oassaic Acid 
~0~~ 2.86 
film 
Stretching Wavelength - microns 
Oarbonyls 
. 
Acetate Ester . Ketone Acid 
5.82 5.88 
5.85 5.97 
5.81 5.88 
5.78 5.82 5.88 
5.87 
Double 
Bond 
6.08 
6.13 
6.06 
6.06 
6.04 
Out of Plane 
Deformation 
)o..o<H )o ... o<H 
11.52 
11.48(w) 
11.48 
11.41 
il1.15 broad) 
~ 0\ 
VI 
Compound Hydroxyl 
De carboxylated 
Oassaic Acid 
Acetate 
~M~ 
mull 
Decarboxylated 
Oassaic Acid Methyl-
lithium Adduct 
~CH, 2.76 2.87 
'"' .:; 0014 Sol. 
Diketocassenic 
Acid ~>"OOH 3.05 
0 
mull 
Diketocassenic 
Acid Methyl Ester 
~Hc.OO<:"'> 
mull 
0 
Stretching Wavelength - microns 
Oarbonyls 
Acetate Ester Ketone Acid 
5.80 5.88 
5.88 5.81 
5.83 5.87 
Double 
Bond 
6.06 
(w) 
6.05 
6.05 
6.06 
Out of Plane 
D~rmation 
)0= -.H )Cl=O::H 
11.14 
11.25 
11.35 
11.48 
b' 0\ 
-!>-
Compound Hydroxyl 
Decarboxylated 
Ditetocassenio 
Aoid 
~,...mull 
De carboxylated 
Diketocassenio 
Acid Grignard 
Adduct 
d'c~ 2.87 
HO 
c. 
film 
Above Compound 
Reduced 
HO~~ 2.90 
c~ ~'~ 
film 
Stretching Wavelength - microns 
Carbonyls 
Double 
Acetate Ester Ketone Acid Bond 
5.87 6.04 
5.88 6.04 
6.05 
Out of Plane 
Deformation 
)c=cif >c=cr::.H 
11.04 
11.25 
11.23 
,..., 
0\ 
IJ1 
Three explanations for this unusual spectrum 
have been considered; intramolecular interaction be-
tween the acid and c2 ketone, intermolecular interaction 
between the acid and c2 ketone, or monomeric form of the 
acid rather than the dimeric form which is usually ob-
served for carboxylic acids in the solid state. 
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Models have indicated that intramolecular inter-
action between the C7 acid side chain and the c2 carbonyl 
would not be possible if the molecUle is assumed to be in 
one of the most likely configurations (Section VI, part B). 
If the B and C rings were cis-fused and both in the boat 
form interaction may be possible but this appears to be a 
most unlikely conformation. 
Acids are usually found in the monomeric form 
only in the vapor phase or in very dilute solution. 60 
Since the spectrum for diketocassenic acid was taken as 
a mull it is unlikely that the acid exists in the mono-
meric form. Also, the monomeric form of the acid would 
not explain the shift in wavelength of the double bond 
absorption at 6.13 microns in cassaic acid to 6.05 mi-
crons in diketocassenic acid. 
The only explanation that can be offered is an 
intermolecular interaction between the acid group of one 
molecUle and the Ca carbonyl of a second molecule. This 
would produce a hydroxy-ester which would account for the 
observed spectrum. 
The oxygen to hydrogen stretching absorption of this 
hydroxy-ester would probably be at a lower frequency than 
the c2 hydroxyl group of oassaic acid due to hydrogen 
bonding. 
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The spectrum of the methyl ester of diketocassenio 
acid further confirms this view as the non-ketonic carbonyl 
absorption remains about the same, 5.83 microns, and the 
conjugated double bond does.not significantly change. 
The hydroxyl absorption of oassaine is at 3.18 mi-
crons as compared with 2.85-2.87 microns for the hydroxyl 
group in other derivatives. This may be accounted for by 
hydrogen bonding with the tertiary amine of the ethanol-
amine ester of cassaine. 
Spectra of several compounds, including diketo-
oassenic acid, were taken in solution (Figs. 9, 11, 18). 
In several cases no resolution in the carbonyl region was 
obtained. The spectrum of oassaic acid was taken in a ~ 
chloroform solution and only one carbonyl band appeared 
at 5.90 microns. A second disadvantage of solution spectra 
was the disappearance of hydroxyl absorption in some oases. 
HYdroxyl absorption was not evident in a 4~ chloroform 
solution of oassaic acid. The Grignard adduct of deoar-
boxylated diketocassenio acid also was found to show no 
hydroxyl absorption in carbon tetrachloride solution 
but a strong absorption was observed in a mull or film. 
However, two hydroxyl absorptions were very evident in 
a 1% carbon tetrachloride solution of the decarboxylated 
acetylated cassaic acid methyllithium adduct (Fig. 17). 
This inconsistency in hydroxyl absorption may be due to 
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a difference in concentration. A second explanation could 
be the fact that the spectra were recorded on different 
instruments. The spectra which did not show hydroxyl ab-
sorption were recorded on the Perkin-Elmer 120. It was 
necessary to program this instrument so that the energy 
was quite low at the lower wavelengths as can be seen from 
the spectra included in the experimental section. 
Before speculating further about these infrared 
observations more experimental work would be welcome. 
The absorption curves should be retaken with material of 
highest purity. Careful attention to, and variation of, 
concentration is called for. The method of preparing 
mulls should be standardized. The same kind of spectro-
photometer should be used. 
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VII. SUGGESTIONS FOR FUTURE WORK 
(1) The only stereochemistry of cassaic acid that 
has been established is the trans-fusion of the A/B rings 
and the axial position of the Cs methyl. This leaves 
several points of stereochemistry to be settled (LXXXIII); 
(a) axial or equatorial position of the Ca hydroxyl substi-
tuent, (b) position of the er3 and er4 hydrogens, and (c) 
the geometrical configuration of the substituents on c18 . 
LXXXIII 
(2) It would be interesting to investigate more 
closely the difference between products obtained by de-
carboxylation of cassaic acid with quinoline and without 
quinoline. If the products are found to be isomeric, 
different mechanisms would have to be assumed. It is 
doubtful that isomerization occurs after decarboxylation 
since the thermally decarboxylated material did not change 
when refluxed in quinoline and isolated in the same manner 
as quinoline decarboxylated material. 
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The decarboxylation of diketocassenic acid in quin-
oline also requires further study. Mention was made of 
hydroxyl-containing material obtained from decarboxylation 
of diketocassenic acid in quinoline. This material furn-
ished an infrared absorption spectrum identical with that 
of deoarboxylated cassaic acid. If it can be shown that 
the hydroxyl product is derived from cassaic acid, that 
may have been present in the diketocassenic acid, a ready 
explanation is at hand. If otherwise is the case, a very 
interesting transformation has been realized. 
It would be instructive to oxidize decarboxylated 
cassaic acid to the diketo derivative and compare with the 
diketo compound obtained by decarboxylation of diketo-
cassenic acid under the same conditions. Identical com-
pounds certainly would be expected; however, if they were 
not identical the difference would have to be at Ca. This 
fact would have to be considered in mechanistic specula-
tions. 
(3) The products from the organometallic additions 
to the Cg and Ca oarbonyls were not purified. However, 
melting point behavior of crystalline material obtained 
from chromatograms seemed to indicate that the product from 
the Cg carbonyl reaction was more homogeneous than that 
from the 02 carbonyl reaction. Separation of isomeric 
mixtures of products would give some information as to 
steric control of the addition reactions. 
(4) The discrepancies in the active hydrogen 
determinations of cassaic acid derivatives could be some-
what clarified by carrying out the determinations under 
more similar conditions. It would also be interesting to 
remove the a-hydrogen at 014• by bromination and dehydro-
bromination, and determine active hydrogen on the a,~-un­
saturated ketone. This would at least determine which a 
~ u hydrogen is responsible for enolization, that at 014 or 
o1o· 
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(5) Molecular rotation studies on cassaic acid and 
related compounds may offer information concerning the 
stereochemistry of the molecule. A cursory examination 
of cassaic acid derivatives for which optical rotations 
have been reported revealed insufficient information for 
conclusive deductions. 
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ABSTftACT 
Cassaic acid (I) is one of the hydrolysis products 
from cassaine, an alkaloid found in the bark of Erythro-
phleum guineense. Earlier investigators formulated cassaic 
acid as I~ with the hydroxyl and ketone groups placed 
provisionally at positions 2 and 9, respectively. The 
present work provides experimental evidence proving the 
correctness of these two assignments. 
CASSAIC ACID 
I 
The adduct furnished by reaction of the acetyl 
derivative of decarboxylated cassaic acid and methyl-
lithium provided 1,7,8,9-tetramethylphenanthrene (II) 
after selenium aromatization. Since it has been shown 
in earlier work that cassaic acid compounds are convertible 
to 1,7,8-trimethylphenanthrene, the extra methyl group at 
C9 of the tetramethylphenanthrene must have originated in 
the insertion of methyl at the carbonyl position. Accord-
ingly, the original carbonyl group is at position 9. 
Oxidation and decarboxylation of cassaic acid 
yielded decarboxylated diketocassenic acid. Methyl Grignard 
reagent added to only one of the two carbonyls, leaving 
the original ketone at cr9 unchanged. Reduction of this 
Grignard adduct followed by selenium dehyrogenation fur-
nished 1,2,7,8-tetramethylphenanthrene (III). The methyl 
group at 02 marks the position~ of the original hydroxyl 
group, since this methyl group must have originated from 
Grignard addition to the carbonyl produced by oxidation 
of cassaic acid. 
1,7,8,9-TETRAMETHYL-
P~N~T~ 
II 
1,2,7,8-TET~~THYL­
P~N~THRENE 
III 
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